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My thanks are also due to Professor Cliarcot, Professor Jlower, 
Professor Ferrier, Dr. Ross, Dr. Gowers, and Dr. Herbert Tibbite, for 
their kindness in allowing me to reproduce some of the figures which 
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THE 



DISEASES OF THE SPINAL CORD. 



CHAPTER I. 

THE ANATOMY AND PHYSIOLOGY OF THE SPINAL CORD. 

Until recently the affections of the spinal cord were generally looked 
upon as so obscure and difficult as to baffle the understanding of any but 
the most accomplished specialist. Thanks, however, to the labors of 
Tilrck, Leyden, Charcot, Erb, Gowers, Buzzard, and others too numerous 
to mention, the difficulties are rapidly disappearing, and in a short 
time we shall probably be as well acquainted with the diseases of the 
spinal cord as with any other affections to which the human economy is 
liable. 

In attacking any complicated clinical question, the difficulties are 
Tery much reduced, if we enter upon our work with a clear idea of the 
functions of the affected organ, and with a definite plan of study; and 
to no group of affections does this statement apply more forcibly than 
to the diseases of the spinal cord. 

The spinal cord may be said to consist of a series of segments placed 
one above another. Each segment comprises the portion of cord to 
which a pair of spinal nerves is attached (see fig. 1); and each segment 
may be viewed as a distinct spinal unit, or, to speak somewhat figura- 
tively, as a distinct spinal cord for a definite area of the body, viz., that 
portion of muscle {muscular area) to which its anterior roots proceed; 
and that portion of skin, tendon, muscle, mucous membrane, viscus, 
etc. {sensitive area) to which the fibres of its posterior nerve root are 
distributed.' 



' It is simpler to consider each lateral half of a spinal segpnent as a spinal unit, 
mad, indeed, I used formerly to do so; but the arrangement adopted in the text, 
ihoogfa slightly more complicated, is more correct. 
1 



! TtlK ASATOMT AKT) PHTBIOLOOT OF 

Wow th? essence of the clinical examin°,tio[i of the spiual cord oca 
Biets inthe Bystematic aud separate examinatioc of each spinal segment b 
I obsorving tlio motor, eensDry, reflex, vaso-niotor, am! trophic coniJitionB 
' of its boJy area; and the comprclieusioii of the diccases of ihe spinal 
fiord coiisiatH esaeiitially in the correct und erst '.in ding of the Btructure 
and functions of the individual parts of these spinal units; of the man- 
ner in which they are related to each other; of the [tuthological changes 
to whi^h they are liable, and of the derangements in function which re- 
sult therefrom. 

As yet we are not sufficiently well acquainted with the exact distribu- 

k Jjoii and function of each pair of spinal nerves (t. e., of each segment) to 

mahle us to examine separately the body area of each individual spinal 

K'tuiit. It must, too, be remembered, that adjacent segments are probably 

Jjrelated functionally; and that, in actual practice, it is often necessary 

nt to group several segments togethor, and to examine, for 




A Spinal .Segment lellli ill Pair of Spinal Nerve* Imoiilfltd from Quain and Ot, 
t— AnWrior root, PR— Poslerior root. O— aaiie:tlon on posteriar root. SBUI— ^ 
*1 uaiunuHi senBOry-moIor aerie trunk. 

I example, the parts supplied by the lumbar or cervical enlargement as 
ftirhole. TJie more detailed examination of each individual segment (so 
f far as we can at present apply it) should, however, always be employed 
for BcieiitiSc pnrpoaes, or where we wish to ascertain the exact po8iti<^ 
and extent of a spinal lesion. 

The clinical observations of Gowors ' on the reflexes, of Rem&k 
atrophic spinal paralysis, and the physiological researches of Perrier 
V'eo,' and of Paul Bert and Marcacci * on the function of the diffei 
spinal nerves, have supplied valuable information as to the motor fui 
tJons of individual segments; and it is probable that before long 
shall bo sulEciently acquainted with the function of all the more im- 
portant spinal segments to be able to ascertain their condition by the 
examination of their respective body areas. 

The functions of individual segments, so far as they are at present 
known, will afterwards be detailed. 

' The Diagnoaia of Diseases of the Spinai Cord, page 15, el acq. 

' Arrliiv/ilr Fsycliiatrie, 1879. page 510. 

' Proceedings of the Royal Society, No. 312, page !2, 

* QuoIpU ill thf Liincd, Oct. 1, 1831, page 598. 
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THE SPINAL SEGMENT. S 

I shall now proceed to direct attention to those points in the anatomy 
and physiology of the spinal cord which are essential for onr present 
purpose. 

THE ANATOMY OF THE 8PISAL 8EOMEST. 

Speaking generally, we may describe a segment of the spinal cord as 
a disc of ncrrouB tissue to which a pair of spinal nE^rres in attached; each 
nerve arising by an anterior and a posterior root. (See fig; 2.) 




Fio. 2. 
lal Segmtni with iti Jfutcutar anil Seiuitive Hodg-An. 
. P.R— POHterior root. O— Gantc"o'> on Pusterior ro 



H- nerre trunk, n 



, III'— UiuculAr SI 



Each segment is divided into two syniini^trlcal lateral halves by the 
anterior and posterior median fissurea. The division is not quite com- 
plete, for a narrow band of nervous tissue remains, towards the centre of 
the segment, separating the two fissures, and connecting the two lateral 
balvea of which it (the segment) is made up. (See fig. 3.) 




PUP 
Flo. s. 
H SteUon of a Sptnol Begmtnl te tkt Ctnteal rtfrtcm. 
AMR— Antwlor inedUu Omire, PUF— Posterior median llBsure or upturn. AWC— Anterior 
ir vUta conunlBrare. POC— PoaMrlor or gny comniiBsure. CC— CentnU Cwutl. 

This commissural band is composed partly of gray and partly of white 
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matter. (See fig. 4,) The white portion lies in front, at the bottom of 
the anterior median fissure, and is called the anterior or white commtS' 
sure; the gray matter lies posteriorly between the anterior white com- 
missure and the posterior median fissure or septum (for the posterior 
median fissure is seldom a fissure properly so called, but rather a septum 
of connective tissue, as represented in fig. 3), and is called the posterior 
or gray commissure,^ 

In the middle of the posterior or gray commissure the central canal, 
lined with its beautiful lining of ciliated epithelium, is placed. (See 
fig. 5.) 

Each half segment consists partly of gray and partly of white matter. 
The gray matter (see fig. G) is placed in the centre of the half segment. 




Fio. C. 
The Gray Matter of the Spinal Segment. 
POO— Posterior or gray commissure. CO— Central canal. 

and is completely surrounded by white matter except at one point — about 
the middle of its inner border — where it is prolonged towards the middle 
line, forming the corresponding half of the posterior or gray commissiire. 
This mass of gray matter consists of two extremities or horns (comua), 
as they are termed, joined by an intermediate connecting portion. 

The anterior cornu is much larger than the posterior, and contains 
the motor nerve cells, which are of the greatest physiological and patho- 
logical importance. These motor cells are of large size, and are multi- 
polar. (See figs. 7 and 8.) One of the poles, which is slender and un- 
branched, is termed the axis cylinder process. In very favorable sections 
it may be traced forwards into the anterior root-fibres, which in leaving 
the cord pass through the anterior column in several separate bundles. 
(See figs. 3 and 35.) The other poles of the cell divide almost immedi- 
ately after leaving the cell body into numerous branches, which are sup- 

1 Some writers give the term posterior gray commissure to that portion of the 
gray commissure which is situated behind the central canal, and call the part of 
the gray commissure which lies in front of the central canal the anterior gray 
commissure. 
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THE SPINAL BEOHENT. 5 

posed to terminate in the delicate network of nerve fibrih which rnns 
through the gray matter. (See figa. 9 and 31.) Each nerre cell contains 
a single large nucleus. ' 

The multipolar nerve cells of the anterior comn are not scattered 
promiacuouEly throughout the gray matter, but are arranged in groups; 
and this division seems, to a large extent, to be followed by the distribit- 
tioQof the blood-vessols. Dr. Ross describes six separate groups which 
he terma postero-Iateral, antero-laternl, anterior, internal, central, and 
median respectively (see fig, 10). These groups are not all present in 
the Bame section of the cord; in fig. 11, for example, which is an exact 
representation of a section of the lower part of the lumbar enlargement 
of man, the postero-lateral, antero-lateral, central, and internal groups 
are very distinct, but the anterior and median groups cannot be distin- 
goiahed. 

Dr. Boss states that these different groups are developed in a denni^.e 




order, the antero-lateral group being the first, and the median group the 
last, to be perfected. He also seems to think that each of these groups 
has a separate and distinct fanction — a view which is fascinating and 
probable, but which is as yet only a theory and requires confirmation 
before it can be accepted as a fact. 

In the dorsal region nerve cells are sometimes seen in the white 
matter of the lateral column, detached as it were from the postero-lateral 
group in the gray matter. (See fig. 12.) Very exceptionally somo of 
the nerve cells of the internal group are surrounded by the nerve tubes 
of the anterior colamn. (See fig. 13.) 

The posterior carnu also contains nerve cells. They are smaller than 

' In most exceptional circumstances there are two nuclei. (See fig. 8.) 
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those in the anterior cornn, and are moro epindle-abajted. Their functid 
is jirobable Hensory, 

At the junctjon of the posterior horn of gray matter and the posterior 
or gray commlasurc, a very distinct group of large bipolar nerve cells is 
situated, and which is termed Clarke's vesicular column, after Lockhart 
Clarke, who first described it. (See figs. 15 and IG.) This group of 
cells is most largely developed in the dorsal region, and is nsually en- 
tirely absent in the upper cervical region and the lower part of the lumbar 
enlargement. 




pi, ponenvlUerkl; •iJ, unwro-latorel; a. anterior; i. Internal; c, central: and m, niKlian Rniupa 
of ner™ oell* o> the antorior eomu. VC, Ve^t-ulsroolumn otOUrke, OC, Conti*! uannL 

o/, •nerlea ot Ibsftnlerior median fflssure. ac.arlary of theanlerlorcommlsaurB; 1, Itsanterior; 
I'.lte median; I'Mls posterior branch, cn. centml artery: a. tW anterior; a", Its median; S", lis 
potterior br&ocb. pa, poiterlor root Brcerlea; e.O'. Q", arteries of the poaterlor tiorui. <o,liilenial 
matBriorrootanerr. fa.aalomal anlarlor root artery: 3. a'.iu inlemal and external branche*. 
or, «ntoro-l»lenU brancb; 4, Its anterior; 4; iu median: and *". Us posterior branches, mr, 
median iBWralortrrj-; IS and tt". Its anlerior anct poalerlor branches pr, pwrti-rlor lateral artertwi. 
<p, internal pudierlor artery, n.p, encernal poMerlor arterj. o. arteries of Uis cnluinnof QolL 
pe. arterj of the posterior commlBSure, 

TJte anatomical anil jihynioloijicnt suh-tHvifiions of (hv white columns. 

The white matter of the segment has Iwcn divided into the following 
parts or columns: — . 

1. The posterior ciilumn : That portion of the -rfhito matter whii 
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Fio. 10. 

Fi08. 14, 15, and 10.— Tranarerae aectiona through the cervical, dorsul. and lumbar regions of the 
healthy spinal cord, showing the relative size and shape of the component parts of the trans- 
verse section, ( X about diameters. ) 

Fig. 14. cervical enlai^ement. Fig. 15, dorsal region. Fig. 10, lumbar enlargement. 
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fiitaatod between the posterior median fissure and the posterior cornu of 
S^Aj matter. (See figs, 17 anil 18.) 

2. Tlte lateral colutnn : Tliat portion ot white matter which is situatcfl 
between the poatenor and anterior nerve roots. 

3. The anterior column: Tliat portion of the white matter which ia 
situatH between the anterior median fissure and the lateral column, i. f.. . 
the outermost of the anterior root bnndles. 

But in addition to this, which wo may term tlio anatomical anhdi- 
Tisiou of the white matter, pathological observations, and the most im- 




pl. posuro-laianil: 



portant researches of Flechaig ' on the development of the spinal conl, 
show that each of these columns consists of certain subilivisions or 
tracts, all ' having a distinct phvsiological function, and, therefore, of 
the greatest possible clinical importance. 

The posterior column is divided into two parts, viz., (1) an internal 
tract, the median column of anatomists, the posfero-tnedian column, as 
Dr. Gowers projioses to term it. the column <if Qoll, or internal tuedtje- 

' Vie Lei tun gs ball nea hn Oehim und RflckEnmark dea Uenscben. 

* The exact physiological fuaction ot some of thew tracts is still unknown. 
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shaped eolttmn, as it is usufllly eallod in Germany (see PIC, fig, 18); ami 
(2) an external tract, tha posier<i-external column of Gowers, tiio root- 
zone column of Charcot, tlie wedge-shaped tract {funicuUs cuneatits) of 
Flechsig, the column of Burdach, or the ouler wedge-shaped column as it 
ifl nsually termed in Germany. (Sec PEC, fig. 18.) The division is in- 
' dicated anatomically by a depression on the surface of tlie cord and a 
eeptnm of connective tissue passing inwards from it. 

The posteTO-interiial column is chiefly composed of fibres coming from 
the posterior gray conin and from thy posterior or gray commissure. 
Their function is not yet definitely known, liut they undoubtedly con- 
duct upwards some sort of impressions from the periphery. 

The poslero-exfernal column is composed of fibres of the posterior 
roots pasfiing inwards to the posterior cornii; and of (?) commissural 




—TranntrMC St 



AC— Anterior column. LC— LoUral calum 
iMnuil column. AH— AnCeriitr lium or any 
■Anterior narro roots smepsiiiB lu separnlu 



. PIC— Poetoro- 



, PEC— PoBtero*II«r 
iftlwr. PH— PoBtortor horn 111 Bray ramiusr. AR 
bundles. PR— PosWrior nervri^root* nnlBring in • 
. PJIF-PosteHor miMllaii flsaiirs. Tho clmliW 
1 TMsels: ihey are BbooriuaUy IWEe in tliig Bpad- 



[ fibres, which probably connect the posterior eornua of different segments. 
) The fibres of tlie posterior root, which pass through the postero-oxtemal 
r column, carry into the cord peripheral impressions resulting iu the pro- 

dnction of sensetions (probably of touch aud pain), and of reflex moT* 

ment (probably the deej> refieses). 

The lateral column is divided by Flechsig into four a 

the most important of which (indeed the only one whose function is as 

yet definitely known) is termed the crossed pyramidal tract. (See 1, fig. 

ID.) This important area varies in size in different segments, (Soo tf^ 



:moT^H 

tract^^l 
is as 




•I Mcllan tlirOHyh th< 

Ing lite enu*td pvmmidal 

about 10 dlamtlera.) 

The erotmA pyremldal Irerts, a, a, are not dwplj- Blaioed by tl 
■braths Kre ImpcrCrctly devrlopiHl: h. b. the ilirect cenibellar tr 
deeplf aulmd 1 e, r, the pin niaier. 
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Fio. ao. 
Traimrrrir •rrtioH thrnuuh llir Mnl of a child Ihrrr in<-i!limM, n 

fwifi /» ItHH. ihotriii'i the croiml psrnmidnl Iraeli iiiirtrr 

I.Sfuiiinl irith perotmic atirl, and ma-jiiifitd nlmat li) dinmetti 

a.n. crotHeil pyrainMal trauU; h, pia iiiat?r: r, srachmiliU d, dura mal^r; e, tlmunencuni 
dentlinilntum: /, llbra-wlluliir tigaue ouiwilu tlio iliira; •/, g. Iruigveisely dlrlclKd nerve roots; A, ft, 
blowl-l-nuelK. 
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22.) In the cervical enlargement it is large and triangular, and occupies 
llie greater part of the posterior lialf of the lateral cotnmn, bciiig sc\ 
ruteil by narrow baiida of wlitto matter from the gray matter and the 
periphery of the con! respectively (see figs. 18 and 22). It diminishes in 
n'lzc in passing downward^, and eiuU in the lumbar enlargement, where 
it toui'hes the periphery. {See 7, tig. 22.) 

The crossed pyramidal tract contains the greater nnniberof the fibres 
of the main pyramidal or motor tract, viz.. all those fibres which have 
decussated at the lower end of the medulla. Its function, therefore, is 
<'E£entially to conduct voluntary motor impulses. 

!n atidition to the crossed pyramidal tract, Flechsig distinguishes 
three other subdivisions of the lateral column, via. : — 



PMAC 




Tbe Ut«ral column ot the rlKhl ULeraL half ai 
UtrnI hair liBrnbeeu cut Bvay. PlC—PogWro-inc 
DFT-Dlr«!t |i)friimid»l IJaci. PHAC— Priiiolpal 
dal Umct. B. Direct «rebeUar imuc. S, LiLeral 



('« Phi/iiological divUion of M« IVMto 

anterior and pmtsiior column* of the lott 
column. P&C^PoHMrlor-exleniia calumu. 
an. 1, UroBwl pf raml- 
lOUDdaijr lajgr of tbe Bra; aubatance. 4. Tbo 




(rt.) The lateral boundary or limiHitg lai/cr of lite gray 8tibstance 
(see 4, fig. 22), the connection and function ot which are unknottm. 

(ft.) The dIrtH cerebellar trad (see C, fig. 22). This tract appears in 
tbe upper part of the lumbar enlargement, and incroaaea in passing up- 
wards. It receives fibres from Clarke's group of cells (see VC, fig. 23). 
Above, it passes into the corebellnm, 

((.■- ) The anterior mixed ret/iuti of the lateral column (see 3, fig, 22), 
the function of which is still unknown. 

The anterior column is, like the posterior, subdivided into two parta: 
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— (1.) An innef sub-division, the direct pyramidal tract or column of 
Tiirck (see 7', fig. 22), which contains the motor fibres of the pyramidal 
tract which have not decussated in the medulla. (2.) The principal 
mass of the anterior column (see 1, fig. 22), which seems to be composed 
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FiQ. ii^i.— />iafmim $hoteing the different phjfsiotogical tracts at varUmt leveU of the cord ; ar^ 

the onier in toAi'oA they are developed, {After Flechsig.) 

I. S«>otion at the height of the 3d cervic*!; II. at the height of the 5th cervical; IH. atthe 
height of the 0th dorsal ; and IV. at the height of the 4th lumbar nerres. 

1. Principal maasof the anterior column; S. Wedge-shaped tract; 8. Anterior mixed region of 
the lateral ci^lnmn; 4. Lateral boundary layer of the gray substance; 5. Column of Qoll; 6 Direct 
cerebellar tract ; 7. I^k'ramidal tract of the lateral columns; 7'. Pyramidal tract of the anterior col* 
umn ; r. Anterior nnU. 

chiefly of fibn^s of the anterior roots and of (?) commissural fibres con- 
necting tbo anterior cornua of different segments. 
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Sie order of devtlopment of these different tracts is eiiown in fig. 

HJ^aiid is, iux;orAing to Flecbsig, as follows: — 

First. The pnacipal mass of the anterior colDinn and the wedge- 
shaped colnmn. Second. The anterior mixed region of the lateral col- 
ornii. Third. The lateral hoimdarj layer of the gray substance. Fourth. 
Tlie column of Goli. Fifth. The direct cerebellar tract. Sixth. The 
direct and crossed pyramidal tracts. 

3!he size and shape of the spinal segment us a whole, and of its indi- 

THE SPIKAL SEGMESr. 




Tidnal parts (gray matter and white columns), vary considerably in differ- 
ent parts of the cord, as is shown in figs. 14, 15, and IC. 



tttionshifi of the Spinal Cord, as a whole, to the Spinal Mem- 
branes and Spinal Canal. 



B preceding is n brief description of the n 
the Anatomy of the spinal segment. 



mportant points in 
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Tnkjug the cord as a whole, we find tb-'t in the adult it is about dglit^ 
eeti inches in length, and does not extend from the top to the bottom 
of the Boinal camil, but terminates about the lower border of the body of 
the firai lumbar vertebra, the lower part of the apinul canal being occu- 
pied by the etranda of the catida equina. It is only the uppermost nerve 
roots, therefore, which pass ont of tiia spinal cana! on the same horizon- 
tal plane as the segments of the spinal cord from which they arise; 
below the first one or two segments, the nerve roots pass obliquely down- 
wards in order to reach the foramina through which they make their 
exit from the spinal canal; the nerve roots arising from the lower {lum- 
bar and sacral) segments of the cord pass vertically downwards for a long-^ 
distance, forming the so-called cauda equina. (See fig. 34.) 

Within the spinal canal the cord is cnvelo])ed by the spinal men) 
braneg, surrounded b/the spinal fiuid, and maintained in position by tlu 
nerve roots and ligameutum denticnlatum. By these arrangements i 
is most admirably protected from eiternal injury. 

The relationship of the cord and the nerve roots to the spinal mem 
branes (dura, arachnoid, and pia) is of great jiractical importance, aoj 
is as follows: 

The spinal dtira mater is a dense tough membrane, which ia loosel; 
attached externally to the bones of the spinal canal, being separate 
from the periosteum by loose nreohir tissue, fat cells, and blood-vesselaj 
and which forms a loose covering or sheath for the spiiuil cord and i' 
lier\-e roots, surrounded by the pia, arachnoid, and sninil fluid. (S 
fig. 25.) Opposite each intervertebral foramen the dura-mater then 
presents two openings, placed side by side, which give passage to thl 
two roots of the corresponding spinal nerves. It is continued as 
tar projection on the nerve {flg. 2fi), and is lost in its sheath, Beeida| 
thie it is connected with tho circumference of the foramen by areola 
tissue' 

The spinal pia mater is thicker, finer, and less vascular than the { 
mater of the brain, and cousists of two layers, viz. . a thick external layi 



Fio. «,— I'/eiro/Hiscerehro-jpiiuii Qj*<. (After Bourgers.) 1/S 
The right halt of tho cranium and trunk of Iho hoUy hu been removed hj u xerll 
Uie membrKDeB oC the right tide ol the braiu and splnnl card have hem L-lwred «wk]r. and tl 

■ld» huve been diwected out and laid separately on the wall or the akull and on the several r, 
bno opposite to the place of their nalufttl exit from the oranio-iplnal covlij. 

F. T. O, cerebrum; C. cerebellum ; P, pong Varolii; mo, medulla oblongata; ma. ml. point tf 
Iheupper and lower ertremitlefl of the fipinal marrow ; c e, on the last ludbar vertebral eplft 
morka the Cauda equina ; V, Che three principal branches of the nervus tiigemlnua; Ci, * 
cipllal or BrsJ cervical nerve; C viii, thu eighth or lowest oervica! nerve; D i, tha llrat dotal 
nerve; Dm, the last dorsal; 1. 1. the first lumbar nerve; Lv, the in.it lumbar; B i. Ibe flrat w 
the fifth; Co i, Ihecoccyeeal nerve; «, ttie led sacral ploxuK. 
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Fli>.«.— riewo/thacfrabnyaptoaliuKi. (J/ter Bow^trv) 
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consisting of longitudinal bundles of fibres, ami au innor thinner layl 
which is closely applied to the surface of tiie spinal cord. The two 
(outer and inner) layers are separated here and there by lymphatic 
spaces, and hetwcon them, the blood-vessels of the pia, which are nu- 
s, are situated. A thick fold of the pia passes down into the 
interior median fissuit-, and iv tliinner process forms the posterior median 
Upturn. From the pia mater, numerous blood vessels (each covered with. 
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]s U> their forsmiiia o( eiil 

1 apace from the cord, and by a quantity ot loiwe 
irom tus Willi ot tue verWbral canal. Tlili tiaioeis In Bmnller amount )i 
IJie liirminutlon of the card, and show sectlona of the mirrE-bunillea of I. 
the thecB, which Ih lery iBrge In D, but comparatlvelr Bmoll la E, the vert 
being largely occupied by adlposo tissue. In this are Been tbe !i«ctloiis or the two largi 
Tbe arBchnoid la not represented In any of these aectloDS. 
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J- and fatty tl 

DandEnrebi 
Ida equina vl 



H lymphatic sheatJi) pass into the substance of the cord, and are distrib- 
(■ted both to the gray and to the white mutter. 

The spinal arachnoid is an extremely delicate membrane, wbicb. 
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i forma a very loose covering for ihe spinal cord. Tho ariicbiioid is sepa- 
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ura on the one hand by a 



1 from tlie dura on the one hand by a space which in called t 
tlural space, and from the pia mater on tlie other by the sub-arachnota 
epaee (see fig. i7). 

Tho eub-arachnoid space is not a contimiotia space, but is split up by 
the litjameniuvi denticula/um and the septum posHcum. Through this 
sub-arachnoid space the anterior and posterior nerve roots pass iniqaking 
their way from the spinal cord on the one baud to the dura mater on 
the other. 

The septum prnticum ' is a lliin raerabranous partitiou, which passes in the 
median plane from the piamatorcnvering the posterior median fiesureof the cord 
to the opposite part of the loose portion of the arachnoid membrane. It is most 
perfect in the cervical region, being incoinptete below. It consists ut numerous 
fine JamellEB, inclosing between them spacea. witliin which run the larger blood. 

The ligamentum, denliculaliim iaa narrow flbrous band which runs alongeach 
Bide of the spinul cord in the sub-arachnoid simce, between tlie anterior and pos- 
terior roots of the nerves, commencing above at the foramen magnum, and reach- 
ing down to tlie lower pointed end of the cord. By its inner edge tliis band is 
I connected with the pia mater of the cord, while its outer margin is widely dentL 
culated; its denticulntiouH are attached by their points to the inner surface of the 
dura mater, and thus serve to support the cord along the sides, and to maintain it 
ID the middle of the cavity. The first or highest denticutiitlon is fised opposite 
the margin of the foramen magnum between the vertebral arter>' and the hypo- 
glossal nerve; the others follow in ordyr, alternating with the euocesBive pairs of 
spinal nerves. In all there are about twenty-one of these points of insertion, but 
the lower six or seven are less regular.' ' 



The relationship of the spinal cord, 
well seen in figs, 20 and 21. 



membraues and nerye roots is 



The niood-siipplfi of ths Spinal Cord. ^H 

The spiual cord receives its blood-supply from the anterior and pos- 
terior spinal art-eries, branches of the yertebrals, and from a series o\ 
small vessels chiefly derived from the intercostal, lumbar, ilio-lumbai 
and Bacral arteries, which enter tho spinal canal through the inter-verte- 
bral foramina and pass to the surface of the cord aloug the nerve roots 
on the surface of the cord they inosculate with the branches of the rerte- 
brals already dcseribctl. 

The anterior median artery gives off a number of branches which 
pass into the anterior median fissure with the process of pia mater pre- 
viously described, penetrate the anterior commissure, and divide into 
two braocliea (right and left), each of which again divides into branches 
(usually, according to Rosa, into three branches, which he names anle- 

I §uaiii's .4nn(oin(;. ninth edition, vol. ii. p. STS, from which I have largely 
borrowed in this description of the spinal Inenibranes, and to which the leader is 
referred for further details than the limits of this work will allow. 
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w. mtdian and posterior respectively), which are chii'fly diatributed to 
the central pa:ts of the gray matter, Adamkiewica, who has iriiiiLitely 
described and l)eaiitifnlly figured the biood-supply i-f the 6pir.al cord, 
terms these the centrifugal arterioa of the cord. ' The vessels wliit:li patu 
iiito ihe cord from the other parts of the pia niater, and which converge, 
jis it were, from the Burface towards the gray matter, he terms centri- 
petal. Some of these are superficial or marginal, others pass deeply into 
the white substance and supply it, others again ])ass through the wliite 
volamns into the gray substance and there inosou^ato with the branches 
of the anterior median arteries provionsly described. Adamkiewica lays 
Ejiccial streaa on the distribution of the branches passing into the poste- 




thiMinition of Iht hlaid-vaieU in (Ac Spinal Card, fdfler Adnmkieatci.) 

rior columns and to the cormi of gray matter along the course of the 
nerve roots. 

The distribution of the blood-veaaels, according to Dr. Kosa, who 
has also made minute observations on thia aubject, ia aeen in fig, 10.' 

THE PHYSIOLOGY OF THE SPINAL 8E0MHNT. 

The physiology of the spinal cord, and the functional relations of its 
Tarious parts are much more easily nnderatood, if we get into the habit 
of regarding each segment as : — 

' EKe Blutget&ase dee meiisctalichen RQckenmarkea, von Professor Dr, Albert 
Adamkiewica. 

• For fnrtlier particulars see Diaeaaee (/ Hie Xertous Sti»tem, by Dr. Robs, vol. 
Lp. 759. 
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(1.) A centre, from which voluntary motor, reflex motor, Taeo-motor, 
and tro]>liic iiifluences are distribated to; and to wkicJt peripheral imprea- 
siona, producing refies movemeats and sensatione, proceed from, a lim- 
ited area of the body (t. e., that portion of the body to which the pair of 
spinal nerrea belonging to the segment ia distributed). (See figs. 2 and 
29.) 

(3.) A cotiducting medium, so to speak, through which the great 
tracts (motor, sensory, controlling, etc.) pass, which place the brain in 
connection with all the other segmeDts situated below, or, as compara- 
tive anatomists say, posterior to it (i'. e., the segment we are at present 
dealing with). (See figs. 30 and 31.) 

Further, it is convenient to consider the motor, sensory, reflex. 




spinal Centre. 



1^ 1' S" Hocor fibres prOMedlug Fram the left cnxaed and direct prnmid^ trBCU, to Mpplj Ota 
iaimiUriirea(M,m^)orthe1eft lal«nl)i&Uof Uie BeemenC. S" 1" UotorObrMprocecdiiiK tnm 
tbe rl^t cnxBBd uid direct pj-nmldal tr&cta tosupply the miiacuIaTare&, (U*. m,) o[ Uteii^it 
latanl ball of the KKment. S, Sensory Hbre proceeding from the leCt seoalUTe area of Uw •eEDMot 
to jotnUwmaJa BeaMrjr tract (3') In the right poatero-internal colu ma. 8'. Ssusory flbre proceod- 
tug from tbe tight KOBillTe area of the acrneiit to Join the main senKiiy trant (40 In the left po*- 
tent-lnlamal coluinn. 

"Hie arrowm iudlcalfl the direction of the nerre 'curreDta.' 

trophic, and vaso-motor functions of the segment in detail ; and since 
each segment consists of two symmetrical lateral halves, it is only neces- 
sary to describe the functions of one lateral half, and the manner in 
which the two symmetrical lateral halves are (fnnctiouaUy) related to 
each other. 



THB SPINAL SEOMERT. 




Diagrammatic r'prenntalu>n oj 

poMKsge of the main motor 

of tilt tagmmt have ban cut aaay. 

B, Blgbt, and B'. Left bemlspherea or the brain. UO. Lover eod of medulla oblodKaCs. 1. 

Pyrmmldal (motor) tract rnim tbe right bemispbere puslDR tbrougb tbe Begmenl In the l*i«r>l col- 

mnn of tbs oppoaltfl. and In tbe anterior colnma of the uuna side. S, Pjmmldal tract from tbe 

left hamlqibBtv. S', S and 4', 4, Main aensory tracts panlng up lo the bntlp In the poatero-lntemal 

colamnt. 

Tbe amnra Indicate the direction of the nerre force. 



THE MOTOR FUNCTIONS OF A SEGMENT OF H E SPINAL COED. 

The nerre fibres, which conduct volaatary motor impulses from the 
brain to the muscular area supplied by the segment we are dealing vith, 
and to tbe mnsclea supplied by all the other segments wliich are situated 
below it, enter our segment by the crossed and direct pyramidal tracts. 
(See figs. 31 and 34.) 

The coone of the motor tract from the cerebrum to the spinal cord 
is as follows: — Motor impulses are discharged ia obedience to the com- 
mand of the will by the generating motor centres in the cerebral cortex 
(see fig. 33). The motor force thus liberated is conducted by the fibres 
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Uediu 



and Oonductinff 



n. Rlicht, Oinil B'. Left hemliphereB of the bnlD. 

MO— Lower end iif iiiadullk oblongatft. 

1. Holortnctrromlherlclitheinlsphere. At UO [t dlTides. The lariter gnbdlTlilon « 
paweaduwii the lateral column oF the oppoiite aide of the cord , ond suppllei them 
Hand U' on the Ion Hide oCtliebodjr. At 1' the supply to M IgglTea off. Thesnialli 
doeri not decuuate^ but poiiaeB down the anterior column, and auppUee the muBclea m and n'oa 
the ■aine(rlRht) side or the body. 

1), Themotflr tnctfroia the lefthemiiphere. II luppllee the miuclee H* and H* ontheri^t 
aide or the boily land the muicleim* and m' on the left aide ot the body. 

«, S', SaniJtlve areu on the left elde of the body. 8', 3 the main seuBory tmct trom the left 
•Ide of the body ; It paaiwB up the right (opposite) side of the cord in tl 
ooiumn, and procenls to the right bemlupbere of the brain. 

Bi.andB'.SenaltiTeaniaaof the right Ride of tho body. 4'. 4, The nu 
the richt aide of the body, prooeedlnc up the left side of the cord to tbe leTl hemisphere of the 

Hie arrawii Indloala the dlnwtioD of the nerre ' oumnta.' 
XoU to Flgi, 39, 30. 31. 

The exact oourae of the aenKiry tmcta In tbeoord liyet undeterraiaed. Some Mithorltlei think 
that (he deouaaation 1* total, and that all the aenaory flbrea paia up the poetetlor columna; othen, 
thMlhs nnaory decunatlon la partial, come nhraa paMing up the podterlor, others up the lateral 
Mluma; while FerHar concludee, aa the reault of recent eiparlments ou the monkey, that all the 
llbrea o( tbe eenaoj tract deouiMlc In theoord. and that they all paaa uplnthajatenlootauot 
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of the pjTamidal tract to the anterior eomua of tho spinal cord. There 
are, ot course, two (main) pyramidal tracts, one proceeding from oach 
hemisphore. Following the course of either, say that arising from the 
right hemisphere, we find that after leaving the motor centres in the 
oerebral cortex it passes through the corona radiatu, the anterior tivo- 
thirds of tho posterior division of the internal capsulo (see IK, fig. 3;i), 
cruB cerebri, right side of the pons, and right side of the medulla. At 
the lower end of the right side of the medulla it divides into two parts 
(see figs. 31 and 34) — the larger division (which, according to Flechsig, 
usually contains from 01 to 9T per cent of tho whole) crosses over to the 




Fto. 3 



JjOlerai vievi nf the tnimaa brain, ikoieiiis the poiitlan of the vtotor cmlrrt. Olfter Fen-ier.) 
(1.1 Oentn) f or oppMltv tee and 10"^- 12,1,*.) C^ntreefor moreinenunrBrniflsiidlrss, suob as 
re coaeenuid la climblog. BwhnmiUK, etc. |S.) Ontre tot nxteaaloa forwanla ot the arm aiid 
U>d. n.) Centre for Huplnatlon ol the hunil and Seilon of the roreona. (T and B.) Ctaitiesror 
ivatorcanit depreuars ot mouth restwctlvely. (9 and 10.) Ceutrefartbe movemenu of the llpa 
arlionlallon. (11.) Oenlro for the plMyama; relrapilcm or tho angle ot the aiontb. 
ta.l Ontre tor lateral moTBDiflnta of the head aud eres. wilh eleratlon of the eyellda and dllBla- 
ion of tile pupil, io, b, e. d.) Cmire for the moTemrnts of the hand and *rlBt. 

left side of the spinal cord, and proceeds down the left side of tho cord 
in the lateral column, constituting the crossed pyramidal tract of the 
left lateral half of the cord. Tho smaller siibdivision (which, according 






THK BPtKAL SEGMENT. i!3 

meat itself leave the main motor tracts (direct and crossed pyramidal 
tracts) as represented in fig. 15, enter the gray matter, and pass to tlie 
anterior comu. Some of them probably become connected with the 
multipolar oerre cells. Others probably paas directly into the anterior 
nerve roots. After entering the gray matter, the fibres of the pyramidal 
tract are snpposed to divide and subdivide, and finally to form connec- 
tions ivith the delicate fibrils of Gerlach's nerve nctvork, in which, aa I 
have previously stated, the branches of the multipolar nerve cells (except 




3. S. QenentlnK motor cencrag In ths rlKht bomiipbere. CC, 
Uedulls obloDtnlA. S, SeKmeal otsplnsl cord. AC the lover 
end of Iba mMaiM tbe motor tract dirides. Tlia lKrK«r lUbdiTlsfon dacusgaCes Bud posses down 
[heappaBit« side of ths cord In the lateral column ; it la distributed to the muscles U, U', on Die 
left side of thebodj. The Soulier subdMalon passes down In the antei^or columDot thes&me 
aide of the oord, uid li distributed to muscles m, m' on the right side at the bod;. 



the axis cylinder process) are supposed to terminate, as is represented in 
figure 35. , 

Volnntary motor impulses leave the multipolar nerve cells of the an- 
terior comn per their axis cylinder processes, and pass out of the cord 
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through the anterior roots. The anterior root-fibres pass throagh the 
anterior column in Bevenil bundles, as is shown in fig. 36. 




flbre.o 



netimrk), in wbicb It 



The passage of the motor fibres from the crossed pjrramidal tract to the anterior 
nerve root is diagrammaticiLlly represented in fig. 31. The exact manner in 
which the fibres from the direct pyramidal tract pass into the tinterior root is no 
ret definitely decided. Someauthoritiesthinlc that they decussate in the cord and 
pnss out through the anterior nerve roots of the opposite side. According to this 
view there is n total decus^tion of the raaia pyramidal tract proceeding from 
each hemisphere — the gniiter number of the fibres of which it is composed pass- 
ing to the opposite side of the cord at the lower end of the medulla, and consti- 
tuting the crossed pymmidiU tract; tlie smaller number (wliich pass down on the 
same side of the cunl a.-i the ilircft pyramidal tract) decussatiag in the cord itself, 
thmi^h the anterior white commissure. 

Others suppose that the fibres of tlic direct pyramidal tract pass thron{^ the 
anterior horn of gray matter to the anterior nerve roots on the same aide, as 
sliown in fig. S4. According to this theory, the main pyramidal tract from one 
hemisphere conducts niiitot impulses to both sides of the body. This view is sup- 
ported by Dr. Hitghlings Jackson, who thinks that: 'The crossed and direct 
connectioQ which this (the main pyramidal) tract forms between the cortex of the 
brain, and the gray anterior horns, is rendered necessary by the fact that everj 
movement of one aide of tlie Uidy alters the centre of gravity, and nmnmilnrrn 
a new adjustment of tlie opposite side.' ' 

The siKvial motor fnnclious of indirijiial segments will be afterwards 
dciiiilcit. 

THE SEXSOBY FrXCTlOXS Of THE SPISAL SEQUEKT. 

The fibrvs whicli i-oiiduct seusorv impres^ioDs from all inferior seg- 
ments l^i. c. from all parts of the bo<ly below onr s^meat) enter and 
i«ss timwfrh our segment either tn the lateral or in the posterior col- 
umns. (Soo tiga. 30. 31. and 3S.t Theesact positionin the transverse 

■ Ron, IHnmara <>/ thf .Vt rrou.t Sgmttm, vol. i. page SJT, to which the reader is 
nttmi for a more detailed acct^unt of Dr. Jackson's viewa. 



"" A 



niurrru ttctitM Ihnmgh thr Spinal Card. »)M)m'n(f thr pof-gi of Ihe anlrHor rool-hatultta 
Iknviih (Ae anlertor aihimn. {Carmine and dammari, magnifini dbaot Sfl iliiiinrtenu 
nn; c. anwrlor li nm at gray mailer. 
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Tranivrrte irctiun ISruiiuS Ihl ftpiuul Card, ihoirma Ihi iiamagi of Ike poilm'ur rnoMiuniflu 
thmufili lit iKiilero-etlrrnni column, l(\irnine iimi (lnninrnrp. magniflal atioul M diomeltm, 
a. Foslrro-exiernal column: b. poMerlnr horn tit gru miiter: c, poalcrfor rODl-liiiadle paiilng 

ibron)|li ilii- iicnleru-fiinnnl culitmn; *', piiswrlor roolliunillp Bftfr It Imt eiKend Ihe groy 
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section which these fibroa occapy has not yet been defiiiitely ascertjiued, 
but it is gonemlly believed tliat each lateral half coatains the greater 
number, if not all, ot the senstiry fibres proceeding from all inferior 
half SGgmeDtB on the opposite side of the boily; that is to say, that there 
is a more or less eomplete decussation of the sensory fibres at (or about) 
fhvir point of entrance into the cortl, as we have alreivly seen that there 
is a more or leas complete decussation of the motor fibres iit their point 
of entrance into the cord, *. e., at tlie top of the cord. (See fig. 39.) 

Sohiff conclodeJ that the whole of the sensory fibres decussate, and that they 
pass up in the posterior column of the oiipoaite side. (See figs. 31 and 38.) 

WoroschiloS and Ludwig think tli/it sen <ory Hbresio the rabbit are conducted 
upwards in the lateral columns, and Chut each lateral ooluinii contaiiis seciBory 
flbree Tor both legs. 

In support 6t these experiments on the rabbit, QjivBra brings forward a. case 
of crushed cord in man. in which he Found secondary nscending degeneration oC 
the pOBtero-internal columns and a symmetrical patch oF the ascendiiij; degeiie- 
ntion in that part of the lateral column witicb lies in frnnt of the crossed 
pyramidal tract. He thiaks that this fact, taken in conjunction with the experi- 
ments on animals, favors the view that some sensation is conducted in this 
region in man. —{niagnosix of Digenaea of tlic Spinal Cord, p. H.) 

Tlie lamented Ciennan translator of this work, the late Dr. N. Weis^, concluded 
that in tlie dog each lateral column contains sensory fibres tor both halves oF the 
body; an opinion whioh, lie states, has been confirmed by Dr, Kusmin.' Dr. 
Isaac. Oil's experinistita on the cat are also in favor of this view. — [Journal of 
itental and Ncrvoits DigeaneH, July, 1883.) 

Ferrior thinks that in the monkey the decussation Is complete, and that tb» 
whole of the sensory conducting flhres p:iBi upwards into the lateral column. 

Tiio fibres which conduct Henwry irapreasiona from the body area 
corresponding to, our segment itself, entur our segment through its pos- 
terior nerve roots. The posterior nerve root joins tiie cord UiS a single 
bundle of fibres (see fig. 3). After entering the cord its component 
fibres diverge. Some of them pass directly into the posterior iiorn of 
gray matter, as is shown in figs. 3 and 38. Otliers traverse the postero- 
external column, and then pass into tiie gray matter of the iTOSterior 
horn (see fig. 37). In some parts of the cord the fibres of the posterior 
roots pass obliquely through the postero-extornal column; they conse- 
qnentJy enter the gray matter at a slightly different level from their* 
point of entrance into the cord. Having passed into the posterior horn 
of gray matter, they, then, in great part or in toto, decussate, pass 
through the eammissuro of the cord, and join the main sensory tract, 
which passsa up the opposite aide of tlie cord to the brain, (See figs. 
29, 38, and 39. ) The decussation of the sensory fibres in the cord is not 
accepted by all autiiorities; M?yuert, for esami)le, describes a sensory 



' Die Krankheiten des RQckenmarkes (Bramwell Weias, p, 31), 
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decnsaatian in the medulla; while Landois, in bis acheme of the nerre 
centres, makes the whole of the seoBOry tract pass np the same aide of the 
«ord and decuBsate in the medulla. (See his Physiologie des Menschen, 
page 717.) A partial decDBsation is represented in fig. 38'. 




««/(*, 



K of Iht Seaaom Tnu 



■aedtag from Oit left tide of llu Bod^. 



FIg.33.— B.tlierigbtheiiilipharaot chebnUn. 4. S, fl.PercepUve (senaEtlTe) ceDLrealn tberight 
b«ml9phere. S, S'. SeoalUre areu {skin, miucle*, Mndan, etc.] of the lert (jde ot the bodj- froin 
which Henaory Impreaslons prooeed in tbe direction lodlcMed by the arrom. 

Fig. 3S'.— Id this fljure the XKDtarj decusMIIon la the cord is npreseated as partial oalr. 
Those flbrca, which da do! pasi to the opponite aide of the oord, are nuule Co ascend In the lateral 
«gluiiiii, aiid to decussate at tba lower end of the mnlulla. 
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After leaving the cord, the main aenaory tract passes through the 
medulla, pons, crus cerebri, and posterior third of the posterior division 
of the internal capsule (see figs. 33 an;! 40) in order to reach the sensory 
perceptive centres, which are situated in the nosterior parts of the hemi- 
gpheres. There is a great difRcultv in estaliiishing the c-xiict position of 
the tactile centre. Ferrier, as the resnlt of his experiments,' places it 
in the hippocampus major and uncinate convolution, a view which seems 
lo be confirmed by cliuical observation, for many cases have been re- 
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ported in which rupture op diaorgani station of that part gf the interna! 
capBnle, which lies external to the optic thalamus, has caused hem 
theBia of the opposite side of the body. 




. S3. Tbe iiiiL'lel uaudad of tbs corpora Btrl&t. 
lUcular nuclei ot the eorpom ilrlalH, I'P. Tha JiiternnI cHpBUle. or peduuclllnr «|i!iEaiciu. 
AA, The hlppocuupi. X. Soclioii ot t)ie [KiBMrlor |isrt of Che prduncular expaostoii. citiuiUie 
henHamttlhetia. 

The special sensory functions of individual aogmenta of the cord will 
be afterwards deacribed (see page 122). 



THE HEPLES FL'XCTIOSS OF THE SPISAL SEGMENT. 






Every half segment of tho spinnl cord with ita sensory and mi 
nerve roots is, in theory and probably also in fuiOt, a perfect reflex arc 
Peripheral irritation applied to the portion of Bkin, muscle, tendon, 
etc., to which the fibres of ita posterior nerve root are distributed, may 
result in the production of (reflex) movements iu the muscular area to 
which the fibres of its anterior iicrve root procei*d. 

As a mutter of fact, periphenil irritation, applied to the body area of 
t)uo serpent, often produces (roilex) niovemeata in the mnscnlor ureas 
ot other segments, as well as in its ov.n muscubr area. This ia owing to 
the free inter-commnnication between the nerve fibrils in the gray mat- 
ter of the cord. 

The multipolar nerve cellB of the anterior corana probably constitute 
the centre of this reflex arc. The auperlicial reflexes are probably con- 
ducted by those fibres of the posterior root which pass directly into the 
posterior horn of gray matter; while deep reflex impulses are probably 
carried hy thoso fibres which pass through the postero-externai columu, 
Hs is shown in fig. 41. 

Clinical and pathologic:il obaervationa go to show that reflex move- 
ment may be inhibited by nn effort of the will. Tho fibres which con.- 
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duct inhibitory reflex impulses probably pass down the cord in the 
crossed pyramidal tract. 

• Whether there are distinct fibres set apart for the conduction of 
inhibitory impulses is doubtful. It is, I think; quite possible 
that the same fibres which conduct voluntary motor impulses may con- 
duct inhibitory impulses too. When we inhibit or prevent a reflex 
movement; when, for example, we resist the reflex jerkiug of the leg, 
which, under ordinary circumstances, follows tickling of the sole, we do 
so by placing the muscles of the limb — probably the antagonistic muscles 
to those concerned in the production of tlie reflex movement — in a con- 
dition of tonic, but not obvious (naked eye) contraction. In other 
words, we send a motor impulse through the fibres of the pyramidal 
tract. So, too, when we inhibit the vesical reflex we sustain the action 




Fio. 41. 
Diagrammatic repreaentation of the reflex functions of the SpincU Segment. 

The left half segment is normal. Th*) ri^ht lialf represents the early stage of locomotor 
ataxia, the poiltlon of the lesion being shaded dark. 

8, Skin from which sensory fibres pass through the common sensory motor nerve trunk, poste- 
rior root, and posterior horn of graymitter t) the reflex centre (4). T, Tendon, muscle, and 
faada, from which the sensory fibres pass which conduct the deep refiex movements. These 
fibres traverse the postero-eztemal column. 

m. Muscle supplied by the anterior root of the left half segment. The dotted line passing from 
the crossed pyramidal tract in the lateral column represents the inhibitory fibre. 

The arrows show the course of the reflex impulse. 

On Uie right side the deep reflex movements are seen to be arreted by a lesion in the postero- 
external column. 



of the sphincter and urethral muscles by a voluntary effort, until the 
reflex impulse, which has made its way from tlie vesical mucous mem- 
brane to the detrusor through the spinal cord, has become exhausted. 

The greater number of the inhibitory fibres which enter our segment 
{viz., all those which govern the reflexes passing through inferior seg- 
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ments) simply pass through it. Those fibres which conduct impressions^ 
inhibiting the reflexes proper to our segment itself, leave the main bun- 
dle of inhibitory fibres, enter the gray matter, and presumably be- 
come connected- with the reflex centre (multipolar nerve cells of the 
anterior comu) as represented in fig. 41. 

The special reflex functions of individual segments will be after- 
wards described when I come to treat of the clinical examination of the 
spinal cord. (See page 117.) 

THE TROPHIC FUNCTIONS OF THE SPINAL SEGMENT. 

The multipolar nerve cells of the anterior cornu exert a trophic 
influence upon the motor nerve fibres passing out of the segment, and 
upon the muscular fibres to which they are distributed. When the mul- 
tipolar nerve cells are acutely destroyed, the axis cylinder processes 
arising from them, the fibres of the anterior roots, and the mnscular 
fibres to which they are distributed, undergo rapid atrophy. 

But, in addition to the trophic influence of the multipolar nerve 
cells of the anterior cornu, the gray matter of the spinal cord and the 
posterior root ganglia seems to exert a trophic influence upon the portion 
of skin from which the fibres of the posterior nerve root prooeed. 
After certain injuries of tli3 central gray substance, for example, acute 
bed sores have been observed. 

Further, it must be remembered that the fibres of the pyramidal 
tracts (direct and crossed) have their trophic centre in the motor area of 
the cerebral cortex. Lesions, therefore, in our segment which sever thia 
connection will be followed by descending degeneration of the pyramidal 
tracts in all the segments which are situated below it. (See p. 37.) 

Again, the fibres of the posterior nerve roots and of their upward 
prolongations have their tropiiic centre in the posterior root ganglia. 
Lesions of our segment, therefore, which sever this connection will be 
followed by secondary ascending degeneration ; and as a matter of fact, 
wo know that lesions of the postero-external column are followed by sec- 
ondary ascending degeneration of the postero-internal column, above the 
level of the lesion.* Total transverse lesions in the dorsal and cervical 
segments are followed by secondary ascending degeneration of the direct 
cerebellar fibres, which have their trophic centres in Clarke's yesicular 
column. 

THE A'ASO-MOTOR FUXCTIOXS OF THE SPIXAL SEGMENT. 

We have not as yet much definite knowledge regarding the vaso-mo- 
tor functions of the spinal cord. It is probable that vaso-constricior and 



1 A fact which seems to favor the view (contradicted, be it remembered, by 
the experiments of Ferrier on the monkey), that the postero-internal oolomni! 
conduct sensory impressions upwards to the cerebrum. 
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vaso-dilator fibres pass through each segment, and that there are distinct 
vaso-motor centres in some, at least, of the segments of which the cord 
' is composed. The exact position of the conductors (vaso-motor dilators 
and constrictors) in the transverse section is not definitely known, but it 
is probable, from Ott's observations in the cat, that the vaso-motor fibres 
decussate in part in the cord, and that they pass down the lateral col- 
umns.' 

THE FUNCTIONAL CONNECTION OF THE TWO LATERAL HALVES OF A 

SPINAL SEGMENT. 

Each half segment is, to a large extent, functionally independent of 
its fellow on the opposite side. In the segments composing the cervical 
region this independent action is most highly developed, but even there 
the two lateral halves are in intimate connection. 

Numerous illustrations of their relationship might be given, but the- 
following will suffice : In cases of hemiplegia, voluntary movements in 
in the sound (non-paralyzed) hand are sometimes attended by corre- 
sponding movements in the paralyzed one. External irritation applied 
to one limb not unfrequently produces reflex muscular movements on 
both sides of the body. If one hand be plunged into cold water an alter- 
ation in the temperature of the other hand occurs, etc., etc. 

In the segments composing the dorsal region of the cord, this inde- 
pendent action, as regards the motor functions at all events, seems to be 
much less developed. The muscles supplied by the half segments of one 
side (in this, the dorsal region) are in the habit of acting in connection 
with the muscles supplied by the half segments of the other. And to 
provide for this associated action there is probably, as Dr. Broadbent has 
so well theorized, a free communication between their respective nerve 
nuclei — ^the multipolar nerve cells of the anterior cornua. 

THE CONNECTIONS OF DIFFERENT SEGMENTS WITH ONE ANOTHER. 

Spinal co-ordination of movement. 

Adjacent segments are, of course, structurally continuous. But, in 
addition, different segments are structurally and functionally connected 
with and related to one another. Such a combination is required for 
the co-ordination and grouping of motor impulses. The co-ordination 
of muscular movement, especially of the muscular movements of the 
lower extremities, is probably to some extent reflex, i. e., under the 
direction of peripheral impressions proceeding from the skin, muscles, 
tendons, joints, etc. And we may theoretically suppose that the peri- 
pheral impressions of this description, which enter by one posterior root, 
may require to be distributed to several adjacent segments. This distri- 



' Journal of Nervous and Mental Diseases, July, 1882. 
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"bution JB probably, in part at least, provided for by the commiasnral 
fibres which pass from (?) the posterior horn of oue segment to the pos- 
terior horn of other segments, through the poatero-esternal coliimn^. ' 
For the same reason, we may theoretically suppose that the multipohtr 
nerve cells of one segment are connected with the multipolar nerve cells 
of other segments — that there are, in short, commissural fibres which 
pass from the anterior horn of one segment to the anterior horns of other 
segments, possibly through the anterior columns, 

But in addition to these, which we may term the more highly special- 
ized commissural connections, every segmeut is connected with every 
other segment by means of tha vast network of delicate nerve fibrils which 
constitute such a largo and important part of the gray matter. 

Motor impulseE and sensory impressions, or, more correctly speaking, 
the nerve vibrations which produce sensory impressions and motor im- 
jiulses {or nerve currents, as they are less accurately, though very ex- 
pressively called) follow the path of the least resistance ; and tlie more 
highly specialized the sensation or movement, the more sharply deSned 
is the path through which that impulse travels (i. e., the greater is the 
diflorpuce in the degree of resistance between the path through which it 
must pass to produce the desired result, and all other paths). The nerve 
currents which produce the more highly specialized movements have 
little or no tendency to diffuse themselves, and in passing through the 
gray matter of their respective segments they make use of very definite 
channels, while the nerve currents, which produce the least specialised 
sensations and movements, have a considerable tendency to spread from 
segment to segment, and so through the whole cord, ^cr this delicate 
nervo network in the gray matter. Converaely, in cases of disease where 
the accustomed path (the path of least resistance) is 'blocked 'by a 
lesion, the more sharply defined that path, the greater difficulty will the 
nerve vibration have in finding its way by any other. Hence it follows, 
that the more highly specialized sensations and movements are most 
easily deranged, and, when deranged, are with the greatest difficulty re- 
stored. 

■ Where tlie accustoraed path is 'blocked,' the nerve current will al- 
ways tend to jiass by some side or collateral channel. In some cases the 
position of tlie ■ block ' prevents the possibility of such passage. Section 
of a sensory -motor nerve, or of its posterior root (the position of such 
lesions is marked in fig. 41 by the numbers 1 and S), will, of necessity, 
prevent any reflex movement being excited by irritation of its sensitive 
body area ; but where the ' block ' tiffects t'.ie reflex arc after the poste- 
rior root has entered the gray matter, say. for esample, where the reflex 
0(>ntrt< (4, fig. 41) is doslroyod, though the refiex impulse cannot pass 
out, prr iU accustomed chanuel. it may make its way through the delicate 
nervt' network in the gray matter to other and more distant seg;menta, 
and so pass out to other and mor« diet.int muscles. 
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This fact was strikingly illustrated in the following case oi poliO'mye- 
litis anterior acuta. A woman was suddenly attacked with paralysis of 
all four extremities. The attack was ushered in with fever. The paraly- 
sis was followed by rapid atrophy. When 1 saw the case, some months 
after the onset of the disease^ the paralysis was almost complete in the 
lower extremities, and very considerable in the upper. The. paralyzed 
muscles were atrophied to an extreme degree. Sensibility was quite ])e:- 
fect, indeed abnormally acute. There was not, and never had been, any 
affection of the bladder or rectum. Tickling the soles produced no rejlrx 
movement in the lower extremities, for the reflex impulse could not pass 
out owing to the lesion in the reflex centre, btU was followed by strong 
contraction of the muscles supplied by the upper segments of the cord, in- 
deed, the jerking movement which resulted was sufficiently powerful to 

produce a violent start of the whole body. 
3 
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CHAPTER II. 

THE GENERAL PATHOLOGY OF THE SPINAL CORD— THE ALTERA- 
TIONS IN FUNCTION WHICH RESULT FROM LESIONS OF ITS 
DIFFERENT PARTS. 

Passing from normal to diseased function, I will now describe some 
of the more important points with regard to the pathology of our spinal 
segment. It must, however, be remembered that, in actual disease, the 
morbid process is very seldom, even at its commencement, limited to a 
single segment. In the majority of cases met with in practice, several 
segments, or even long portions of the cord, are involved. The some- 
what artificial arrangement which I propose to follow is, however, use- 
ful — ^it greatly simplifies the subject — and, with the caution I have 
just given, may be safely adopted for teaching purposes. 

Some of the morbid conditions affecting the spinal cord (^. «., our 
segment) are primarily nervous; others onginate in the surrounding 
parts (t. e.y bones and membranes). In the latter case, the cord lesion 
is secondary. Now, in describing the pathology of the spinal segment 
and the symptoms which result from derangement of its different parts, 
it is convenient to separate these two groups of lesions, which may be 
termed intra-medullary and extra-medullary respectively. 

INTRA-MEDULLARY LESIONS. 

The affections of the cord which are primarily nervous are either 
acute or chronic. In some, the diseased process is strictly limited to 
definite physiological tracts. These affections are called system diseases. 
In others, the morbid process has no such physiological limitation, but 
involves at haphazard, as it were, a greater or smaller portion of the 
transverse section. To these lesions the term indiscrimincUe may be 
applied. In a third group of cases, as we shall afterwards see, these two 
forms of lesions are combined. 

THE SYSTEM DISEASES OF THE SPIXAL CORD. 

The great characteristic of a system disease is, as I have already 
mentioned, the sharp limitation of the lesion to a definite physiological 
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trace. Tlifl lesion iiaually extends through sereTal Eegments, and 13 
generally bilateral and aymnietrical. 

The great vertical extent is due in aoiue caaea, oa in polio-mi/elitis 
anterior acuta, to the cireumstance that the same physiological areas, in 
many different segments, are affected simuUaneoiinly. In others it re- 
sults from the extension of the morbid process from segment to segment 
along the fibres of the affected tract. This extension (always?) takes 
place in the direction of the physiological activity of the affected fibres, 
aud is very generally of the nature of 3 • secondary degeneration.' 

The system lesions of the spinal cord are either primary {»'. e., arie- 
ing independently of any previous lesion), or secondary (t. e., resulting 
from some previous morbid condition). To the secondary system lesions 
the term 'secondary degenerations' is usually applied. 

Primary system lesions. 
The physiological tracts in the transverse section which are liable to 
be affected by primary system lesions are: 




Diagrammaiic reprvKi. 
1, 1' Basion of thi 
of tbecroBed pynLmldal tract. 

1. The region of the anterior comu {1, 1' fig. 42). 

2. The region of the crossed pyramidal tract (3, 3' fig. A:i). 

3. The region of the postero-extemal column {2, 2' fig. 43). 

Professor Pierret, of Lyons, has described a case in which the poB- 
tero-intemal columns were affected by, what seemed to be, a primary 
system lesion; but so far as 1 am aware no other case has yet been 
recorded.' 

' Archives de Phyait^ogie, 1873, p, 74, 
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111 the majority of cases one system only is involved, but in somi- 
cuses two physiological tracts in tlie same half segment may be affected. 
In combined cases the lesion is, at the outset, limited to one tract, and 
subsequently spreads to another. The mode of extension is osnally 
along the fibres which connect the two systems functionally, and is 
(ahrnys ?} in the direction of the physiological activity of the connection. 
ThiiB, a scierosia of the postero-esternal column may extend to the ante- 
rior cornu, presumably along the fibres, which pass from the postero- 
external column to the posterior cornu, and thence to the anterior horn; 
or a sclerosis of the crossed pyramidal tract may estend to the anterior 
cornu, presumably along the fibres which leave the main motor tract, and 
pass into the gray matter. 

Occasionally it would appear that the morbid process is propagated 
from one physiological tract to another by direct eitension (continuiiy 
of tissue), and that a sclerosis of the postero-esternal column (and poste- 
rior cornu) may cause a sclerosis of the pyramidal tract in the lateral 
column; a lesion of the anterior cornu may pass to the crossed pjraiD^ 
idal tract, and so on. 1^1 

Secondary system lesions (secnndiirn degenerations). ^^1 

! The regions of the transverse section, which are liable to be aifected 




Dioj/raiBinoKc ■ 



in of the posterolDleraal 



by secondary degenerations, are the regions of the crossed and direct 
pyramidal tracts, and the region of the postero-internal column. (See 
fig. 43.) 
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The secondary degenerations of the crossed and direct pyratnidal tracts 
{secondary descending degenerations). 

The primary lesion, which produces secondary degeneration of the 
motor ii-acts in the cord, may be situated either in the brain or in the cord 




Trantvtrm KClion through the cvrviaU region of the Spinal Cord tn a eaae of aeeitndarjf ttpKend- 
iiig drgenemlion, the rttall of a letion of the right pyramidal tmcl above the cord. 
Thecnnard p7nmldal tract (I) it degenerated on tbe Ittc (tbe oppoalM) side to the brain leKIOD. 
Tbe dinct pfr«in[d>l tract {9] U dageoereted on tbe right (the saoie ilde) « the bnJn lealoa. 

itself, liot it must be so placed as to separate the fibres of the pyramidal 
tract from their trophic centre, r. e., the nerve cells of the cortical motor 
centres. When the lesion is in the braiu, in cases, for example, of htem- 




Seeondarji dttcendlng dageneralion of the Si 
The ledoB la luppowd to be Bltiuted titore the 
Degnieratad urnwea prramldal traoM. 2. V Degenerated dl 

orrhagic destruction of the internal capsule, the degenerative process 
extends downwards along the course of tiie pyramidal tract. In the 
oord, therefore, it involves the direct pyramidal tract on the same aide. 
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and the crossed pyramidal tract on the opposite side to the hraio leooo. 
(See fig. 44.) 

Id some casoB of cerebro-spinal sclerosis in which the lesion seems to 
have destroyed all the nerve tubes in the crossed pyramidal tract, there 
is no secondary descending degeneration; a fact that can only be 
explained by anppoeing either that something more than mere destruc- 
tion, i. e., mere shutting off of the trophic influence (possibly irritation 
of some form or another) is required, or — and this is the more probable 
explanation — that the axis cylinders are not so extensiTelj destroyed as 
they appear to be. 

When the primory lesion is situated in the cord itself, the degenera- 
tive process may involve one or all of the pyramidal tracts below the 
lesion. 




Seamdarif deictnding degentration o/lhr Spinal Cord a/ler an -unilatenil lenon. 

The IsmIoq isKUpposed to be Blcualed aborellie seKinent Bhoirn <ii the liguro. and to occupy the 

rl((ht h»lr of the eopd. I. DegonaraiBdcrosaed pyramidal tract. 2. De(wneraled direct pyramidal 

A total transverse lesion will produce secondary descending degen- 
eration of the direct and crossed pyramidal tracts on both sides of the 
cord. (See figs. 45 and 59.) 

A unilaferal transverse lesion will cause secondary descending degen- 
eration of tlie crossed and direct pyramidal tracts on the same side only 
(see figs. 46 and 61). 

A lesion limited to the lateral column will be followed by secondary " 
descending degeneration of the crossed pyramidal tract on the same side 
(see fig. 47); while a, lesion of the direct pyramidal tract in any given 
segment will, theoretically,' be followei by secondary descending de- 

' Secoodarf descending degeneration confined to the colutons of Tfirck has 
not, so far as 1 know, been demonstrated post mortem. 
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generation of the same phvaiological area in all the eegments ■which are 
situated below it (see fig. 48). 

It will be observed that in all of these cases the degenerative proceea 




extends downwards from tho seat of the primary lesion; hence the term 
secondary descending degenerations,' 



Fio, 49. 

» a/ler a laion cemfined to the anterior ciiluntn oftht cord. 

Tho lealoii 1> snppoMd to be sitDaWd abore the lerel ol the sectiun shonn ia (he llKure. and to 

iDrolTO the anterior oohunn at Uw rfght ^de. 2. Degsneraled direct prramidal tnuit or the rlRht 

■Me. 

' The flbi'ea of the pjramidal tract above the lesion do not, of course, degene- 
rate, for their connection with the trophic centre is unimpaiied. 



*1 
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Secondary degeneration of the poatero-interndl column and of the direct 
cerebellar tract {secondary ascending degeneration). 

Secondary degeneration of the poetero- internal column (gee figs. 49 
and 50) results from anj lesion which separates its fibres from their 
trophic centrcB in the posterior root ganglia. The lesion is usually situ* 
ated in the postero-external column, but it may be placed in the pos- 
terior root between the ganglion and the cord, or in the ganglion itself. 
The degenerative process eztends upwards, hence the term secondary 
ascending degeneration. 

Secondary ascending degeneration of the direct cerebellar tract results 
from lesions which destroy Clarke's vesicular column of cells (the trophic 
nerve centre for the fibres of the direct cerebellar tract), or which sepa- 
rate the fibres of the direct cerebellar tract from this, their trophic nerve 
centre; and since Clarke's column of cells and the direct cerebellar tract 




no. *9. 

Bfcondary aKtnding degeneration aflhtpotttro-tnttmaltottimn*. 
The lesloa la supposed to be sltuWed in the poslero-eiMnial columns below the lerol o 
■eeiion ahavn In the ftgure. 3, 3' Deg«nenU«d pOBU-ro-lnWrnnl colDmiu. < md *', ilnct 



are not present in the lower part of the lumbar enlargement, it follows 
that secondary ascending degeneration of this tract is only observed 
when the lesion is situated in or above the upper part of the Inmbar 
enlargement. 

TATIIOLOGICAL PHTSIOLOGT AND CLINICAL OCCCKSEKCE. 

I will now describe in detail the conditions which result from the 
lesions of the different physiological regions or tracts. 

LESI0N9 OF THE ASTERIOR COBNC. 

The ultimate effect of all lesions of the anterior comu {see fig. 53) is 
to cause destruction of the multipolar nerve cells which are it« essential 




; rraion of the (Tiiiull o 




TheKPonilftrvdescenillnKdeKenrratlon woi due lo a cerebral Iralon: the ■wondar}- n 
legennrntirHi tn B mjrFlitiB at the pMtericr columB In the don»l region. tSee Of. Sfl.> I ■ 
nili'hiJTl lo Ilr, Shnw ot Brialol forllie roflifii of cord from vrhloh Ibese Mciion* 




nort' ttpecialln on tht apparent rIgM, bHt m 

Ihelr/t iidf cvNii h> br tht n'lAt.; a, arcoitituiv ifexviiiliiuf deaeixtraUon in Iht afifa 

rii/hl, bul actuiil tuft, lull/ ! (fcrs it almi rniint iKQonilnry deicendlng iitgt*»ralloit m' 
h-rflafll>tcoiillnlhi«p/>arrntl'ft.hulai^<inlnBhl,moli ~ " 
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constituents. The effects of the lesioo, i. e., the Bymptoms, in any given 
case, depend upon two elements, viz., the rapidity of the destruction, 
and the number of nerve cells which are destroyed. In order that the- 
raiionale of the symptoms may be perfectly clear, I must recapitulate 
the functions of the multipolar nerre cells of the anterior comu, and at 
the same time direct attention to figure fil. 

The physiological function of the-muUipolar nerve ells of the anterior 
cornu. — 1. To the multipolar nerve cells of the anterior cornii pass: — 
(fl) Voluntary motor impulses from the brain, per the fi'jres of the crossed 
and direct pyramidal tracts (see fig. 40); (b) reflex impulses from the 
"sensitive area "of the segment, per the fibres of its posterior nerve 
roots; (c) controlling impulses for tho reflexes of the segment, per the 
fibres of the crossed pyramidal tract.' 




2. From the multipolar nerve cells — (a) voluntary and (b) reflex 
motor impulses pass to the muscular area of the segment, per their axia 
cylinder processes. 

3. The multipolar nerve cells of the anterior comu are the trophic 
centres for the motor nerve fibres arising from the segment, and for the 
muscular fibres to which they arc distributed. 

Acute destbcction of the anterior horn (i. e., of its multipolar 
nerve cells) maybe total or partial. Where all the multipolar nerve 
cells of our segment are acutely destroyed, the symptoms will be as fol- 
lows: 

(a.) Positive symptoms : — 

1. Immediate paralysis of its muscular area. 

' With regard to the question of separate controlling fibres, seo p. 29. 
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2. Absence of all reflex moTements in-itj muscular area. 

3. Rapid atrophy, and this ' reactioa of degeneration,' ' in the para- 
lyzed muBcles. 

(fi.) Negative symptoms : — 

Lesions limited to the anterior comu do not disturb the sensory func- 
tions of the segment, nor its functions as a conducting medium. There 
is, therefore, no derangement of sensibility in the parts supplied by its 
jiosterior roots. The motor, sensory, and other functions of all inferior 
segments are intact. 

Theextent of the paralysis and of the muscular atrophyvanes directly 
with the number of nerve cells which are destroyed, Where the 
destruction is incomplete the paralysis is of course partial. In such cases 
the reflex impnlses may still bo obtained. In cases of partial destraction 
it may be difficult or impossible to demonstrate the ' reaction of degene- 
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ration,' for the healthy muscular fibres respond in a normal manner to 
both for:iis of current, and so obscure the reactions of disease. 

In many cases of acute inflammation of the anterior cornu (polio- 
myelitis anterior acuta), in which there ia at the outset total paralysis, a 
certain amount of power is subsequently regained. In such cases, the 
iniliimrautory process temporarily arrests the function of all the nerve 
' Tlie term ' reaction of degeaeration ' has been given by Erb to certain qwtli' 
tatit-e clectricitl alteratione, which are described on p. B5.) 
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cells of the affected segments. SVhen the acute sti^e passes oil, some of 
the cells liave been absolutely destroyed, and the muscular fibres whicli 
they supply are permanently atrophie<i. Other nerve cella, which have 
been leas serionsly damaged, gradually recover, and the muscular fibres, 
whieh they innervate, regain bulk and power. 

Aa a matter of experience, we know that, in pfiUo-myditi» anterior 
acvta (the primary system disease of the anterior cornu) the tuuctions of 
the bladder and rectum are not affected, a fact which seems to show 
either that the centres for the vesical and rectal rellexes are not situated 
in the anterior coniua, or that the multipolar nerve cells in the lower 
segments, through which the vesical and rectal reflexes pass, are unin- 
jured by the lesion. 

In fig. 55 I have diagrammatlcally represented the effects of acute 
dcstrnctioii of the anterior comua. 




Od the letl ^ds the denrucilon of (be nerve cells is camplete; the ulterior Derve ronU. loiitor 
nerre nbm. and muacleii, wlilchtliey supply, are all degenerated: Ibere [sa total 'block ' to tile 
yutmep Dl Talunutrr ntotor aod reflex motor Impulsea. On (lie right aide, two-tblnia oF tbe motor 
cbUi am dectntred ; twu-Uilrdsof Ibemiuculu-areaoanDeDUnl wUb the right aDteHor cornii nre 
d^eaenUMl and atropbleil; one-tUrd (S) remains healthf . and can be made lo oootract by rolim- 
MTf or nAei motor Impulsm. 

Clinical occurrenee. — Acute destruction of the mnltiixilar nerve cella 
of the anterior comn often occurs as a primary systera disease (the mor- 
bid process commencing in, and being confined to, the anterior cornu). 
It then consiitutcB the affection which 'a termed polio-myeHlts anterior 
acuta (acute inflammation of the anterior gray matter), a disease which 
is common in children, and is usually termed ' infantile paralysis,' but 
which is sometimes aUo seen in adults. 



Acuta destnict'oii of the anterior bom of gray mtitter may also 1«- 
part and parcel of an indiacriminate lesion, as, for esumple, a transverse 
myelitiB. In sucli cases the eymptonis, which result from acute dcslnic- 
tion of the anterior cornu, are present, together with the symptoms 
which result from destruction of the other tracts which happen to be 
affected. 

Chhonio AFPECTiosa op the Anterior Cobnc. — In chronic aflec- 
tious of the anterior cornu, the multipolar nerve cells are picked out, as 
it were, one by one, and are gradually destroyed. 

The Bvmptoma which result from slow destruction of the multigmiar 
nerve cells are as follows: — 

Positive Symptom-1. — («) Slow and gradual atrophy of the muscular 
fibres to which the axis cylinder processes of the affected cells proceed 
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At first, there is no paralysis but only slight musculiir weiikness. A» 
the disease progresses the muscular debility becomes more marked. In 
the final stage, i. e., when all the motor nerve cells of the segment are 
destroyed, there is, of course, complete jiaralvsis of the muscnlftr arM 
of the affected segment. In the earlier stages, the degree of atrophy fft 
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iJireclIy proportionate to the number of motor nerve cells (i. e..ot muscu- 
lar fibres) which are affected. The ' reaction of degeneration,' for the 
reasons given tthovo in speaking of partial acute ilettructioii, la not typi- 
cuUy ilerclopei). The reflexes are not abolished, fur so long as healthy 
nerve cells remain, a path is still open for reQcx impulses. 

(J) Negative Symplomg. — The sensory functions of the Bcgmeut are 
not interfered with. The motor, eeusory, reflex, and other functions of 
all inferior segments are intact. 

In fig. 56 I have dJagrainmatically represented the effects of aloiv de- 
struction of the motor neive colla of the anterior cornu. 

Clinical occurrence. — Slow destruction of the multipolar nerve cells 
of the anterior cornu occurs as a primary .ij/slem disease (the morbid 
process commencing in, and being continod to, the anterior cornn), and 
then constitntea the affection which ia termed progressive muscular 
atrophy. The same morbid process also affects the motor nerve nuclei 
of the medulla, and constitutes the anatomical substratum of the affec- 
tion tst\\eA.glosso-labial or bulbar paralysis. In the rare affection termed 
ophtkatmoplegit externa, o, similar lesion affects the nuclei of the third, 
fourth, and sixth nerves in the pons Varolii. 

Ohronio destruction of the multipolar nerve cells of the anterior horn 
is occasionallr mot with as a .secondary .•lyslein lesion, as in those cases in 
which a sclerosis of the postero-eiternal column, or of the crossed pyram- 
idal tract, extends to tlie anterior cornu. !u suoh cases the symptoms 
which I hare just described as characteristic of slow destruction of the 
motor nerve cells of the anterior cornn, are added to the symptoms of 
the original affection. 

SrB-ACUTE OE3TRCCTION OF THE MTJLTIPOLAB NERVK CELLS also 

oecnn as a secondary system lesion. The original lesion is a sub-acute 
inBammation of the crossed pyramidal tract in the lateral column. After 
K short time the morbid process extends to the anterior cornu. The 
tegments of the cervical enlargement are first and most affecte^l. This 
condition has been called by Professor Charcot, who was the first to 
direct attention to it, amyo-tropkic sclerosis. 

LESIOSS OP THE CROaSEK PVIIAMIDAL TBACT IN THE L.VTERAL COLCMS. 

L^ona of tlie crossed pyramidal tract (see fig. 57) derange, interrupt, 
AT destroy tho conducting power of the nerve fibres of which it is com- 
posed. These fibres conduct to our segment, mid to all the segments 
which are situated below it, voluntary motor and controlling reflex im- 
pulses. The exact nature of the symptoms, which result from a lesion 
of the crossed pyramidal tract, depends upon (a) the extent of the 
lesion, i. f., the number of nerve lihres which are affected by it; (i) the 
mr.nner in which the lesion affects the nerve fibres; and (c) the rapidity 
with which th^ morbid process Is develojwd. 
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Acute and complete deslrurtion of the crossed pyramidal tracli in tin 
lateral columns produces the following symptoms:— 

(a) Positive. — I. Immediute paralysia of the niiiscular areas of llie 
effected segmciit, and of all the segmoutB which are eitaated beluw it. 
The losa of power is not total, for the muscular flbroa supplied by the 
direct pyramidal tract of course escape. The paralyzed muBclcs are »i 
first flaccid, they do not undergo rapid atrophy, There is * no reaction 
of degeneration.' 2. Increase of the reflexes passing through the iif- 
fectcd segment, and through all the inferior segments, supervenes, auJ 
corresponds to the development of secondary descending degeneration, 
which of course occurs. 

(6) Negative synptoms. — The senaory functions of the cord are in- 
tact. The bladder and rectum are not Berionsly affected. 

Clinical occurrence. — Acute destruction of the crossed pyramidal 
tract only occurs in ' iudiscrimiDate ' lesions (myelitis, traumatic injaries. 




etc.). Other parts of the transverse section of the segment are UBiially 
implicated. The clinical picture is proportionately complicated. 

Chronic destruction of the crossed pyramidal tracts. — Where thu 
morbid process is chronic, the conducting properties of the crossed ])5TaEi- 
ida! tract are gradually interrupted; muscular weakness, stiffness, and 
rigidity slowly develop: the reflexes are increased; sensibility is intact; 
the bladder and rectum are not affected. As the morbid process be- 
comes more and more advanced , the muscular weakness and rigidity 
become greater. Towards the end the lesion may extend to the anterior 
cornu. The rigidity then gives way; muscular atrophy develops; dimi- 
nution, and finally abolition of the reflexes occur. 

In cerebro-spinal sclerosis, and in some eases of slow compression of 
the cord, a remarkable rhythmical tremor, which only occurs on volun- 
tary movement, is observed. It is supposed to be due to irregular ti 
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minion of nerve force throtigli the fibres of the pyramidal tract which 
are compresaed by the lesioii. 

Clinical occurrence. — Chronic destruction of the crossed pyramidal 
tract ia occaaioiially tliough very rarely met with ae a primary ttyatem 
lesion, and it conBtitutea the anatomical eubtitratum of the affection 
which has been termed primary laternl sclerosis. The position of tlie 
leaion ia shown in fig, 57. 

Chronic destruction of tlie crossed pyramidal tract frequently results 
from indiscriminate lesions (chronic myelitis, slow compression of the 
cord, cerebro-spinal scleroRie, etc.). In secondary dtscendtng degenera- 
lions the fibres of the crossed pyramidal tract are, of course, gradually 
destroyed. 



LESI0S3 OP THE POSIEBO- EXTERNAL COLCUS. 

The poatero-eitemal column ia in great part composed of posterior 
root-fibres passing to the gray matter. These fibres. carry inwards im- 




Fio. M. 
n of the Bplnul eord, ghoiriag the poslUon of t) 
haooordlns to Flern-t and ChorcaC^ according u 

8 which result in the production of sensations and reflex move- 
inents (probably deep reflex m'lvementa, see page 28). The posteronss- 
temal column probably alao contains commissural fibres which connect 
the posterior comua of different segments. 

Clinical occurrence. — The most common lesion of the postero-eiter- 
Qal column is the primary syaleni lesion which constitutes the anatomical 
snbstrntum of the affection which is called locomotor ataxia. (See fig. 
58.) 

The postero-extemal column may also be affected by chronic iudia- 
cnmioate lesions, as, for example, cerebro-spinal sclerosis. 
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Acute lesions of the postcro-external column are always indiscrini- 
nate (myelitis, traumatic injuries, etc.). 

Tfie positive symptoms which result from a ehronic lesion ofthepoi-- 
tero-extertial columns are : — 

1. Lightning-like pains in the sensitive body area of the affected seg- 
ment. These parts, which are highly characteristic of locomotor ataxia, 
probably depend upon irritation of the posterior root-fibres in the pos- 
tero-esternal column, 

2. Loss of the deep reflexes. (See page 28.) 

3. In co-ordination. — This symptom is probably due to several ditTerent 
causes : TJz., (a) to the derangement in the refles grouping of muscles 
which the arrest in the reflexes entails; (5) to the fact that the 'guiding 
sensory Beusations ' which proceed from the periphery are arrested by 
the lesion, and that the impulses concerned in the production of the 
muscular sense are interfered with ; (c) probably also in part to derange- 
ment of the commissural connections of different segments which ps^ 
through the postero-eitemai columns. 

4. More or less anaesthesia and analgesia in the sensitive areas of the 
affected segments. 

6. Some derangement of the vesical and rectal mechanisms. (Often. 
but not always present.) 

6. Trophic disturbances in the skin, snch as herpetic and other 
emptiona. These conditions, which are sometimes, bnt by no means 
always observed, probably depend upon implication of the central gray 
matter, * 

Negative si/mptoms. — There is no paralysis; no muscular atrophy; 
QO qualitative electrical alterations. 

Lesions of the postero-external column cutoff the trophic influence 
of the posterior root ganglia, and are thei'efore followed by secondary 
ascending degeneration, 

CompUcalions. — In chronic lesions of the postero-extemal column 
the posterior horn of gray matter is often affected. The morbid process 
occasionally extends to the anterior cornu, or to the lateral column. 
Other symptoms then, of conree, develop. 

' Tliii ileBi;ription doea not comprise all the symptoinBof locumotor utaxia, but 
only tbose which result from the lesion of the postero-external columns, i. e., the 
»pinal portion of the lesion. Some oF the most cliaracteristic sjmptoma, m, fur 
example, the eye symptoms, depend upon derangement of the parts supplied by 
cranial nerves. The disease is, in abort, a cerebro-spinal affection. Trophic 
alterations in the bones are occaaionatlj met with. The osseous lesions have not 
been referred to in the text, because, so far as is known, they do not result from 
the lesion of the postero-external columns. Prof, Charcot, who first described 
them, thinks tliej depend upon implication of the motor nerve cells of the ante- 
rior cornu, Br. Buzzard suggests that they are caused by a lesion of the me- 
dulhi. 
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The great characteristic of un 'indiBcriminate' lesion ia, as I bare 
already mentioued, that it is not, of necessity, limited to any particular 
physiological tract, but may affect any part of the transverse section. 
Occasionally, but rarely an indiacriminate lesion is limited to a definite 
physiological tract ; in corehro-spinal sclerosis, for example, a patch of 
scleroais may chanca to be limited to the postero-extemal columns; 
inco-ordi nation in the lower extremities, identical with the inco-ordiua- 
tion of locomotor ataxia, might thus be produced ; the differeutial diag- 
nosis could only bo made by observing the mode of development of the 
symptoms, the asaociatci nerve derangements, and the general features 
of the C4ise. 

The vertical extent of indiscriminate lesions is, as a rule, small ; in- 
dead the morbid proceaa may be limited to a single segment. Many sep- 
urate foci of diseasa may be scattered through the cord, but snch cases do 
not constitute exceptions to the general rule, for the vertical extent of 
individual patches is usually limited. 

IndiBcriminate lesions have no marked tendency to invade symmetrica] 
parts of tha two lateral halves of the transverse aectiou. In some cases 
tliey are unilateral. 

Clinical occurrence. — Tlie indiscriminate lesions which are primarily 
qervons are either acute or chronic. Myelitis i.* the best example of the 
former; diaseminated cerebro-spinal sclerosis is a good example of the 
Lirter, Other indiscriminate lesions are: — wimple (non-inflammatory) 
softeuiog; hemorrhage into the substance of the cord : and new forma- 
tions in the substance of the cord (iw/ra-medullary tumors). 

T/ie 3t/mptoms produced bi/ indiscriminate lesionn. 
The effecta of an indiscriminate lasion vary with the extent and posi- 
tion of the lesion in the transverse section, and to some extent with the 
nature of the morbid process. Myelitis, which is the most common and 
important indiscriminate lesion, and which may therefore be taken as an 
illustration of the whole group, produces destruction rather than irrita- 
tion of the affected parts. The infla.-iimatory process mayinvolve; (a) 
tliB whole transverse section of the segment ; or {b) it may destroy one 
lateral half ; (c) in other cases it affects portions, hut not necessarily 
eymmetricul jiortions of both halves j {d) in others again it involves a 
portion only of one lateral half. I will now describe the symptoms 
which reisalt from some of these types. 



The symptoms which result from acnie destruction of the whole trans- 
feree section of one segment are diagraramatically represented in fig. 59, 
and are as foljows : , , . : 



1. Paralysis of the muscular area of tbe affected segment and of oil 
the mnacnlar areas wJiich are situaCeil below it. 

2. Rajtid atrophy, the ' reaction of degeneration,' and complete ab- 
sence of all reflex movements in the muscular area of the affected aeg- 
ment. 

3. The trophic condition and electrical reactions of the mascles, sup- 
plied by segments below the lesion, are normal. The reflexes passing 

J. through the inferior segments are exaggerated. With the occurrence of 
secondary descending degeneration, tiio paralyzed muBcles, supplied by 
inferior segments, become tense and rigid. 

4. The common and special sensibility (muscular sense) of the 
paralyzed muscles is diminished or abolished. 

5. Complete anaesthesia of the sensitive area of the aSected seg- 
ment, and of the sensitivo areas of all the segments which are situated 
below it. 

ti. A narrow fcand of hyperasathesia at the upper level of the lesion. 
This narrow band of hypersesthesia is supposed to be due to irritation of 
the sensory nerve fibres at the upper level of the lesion. When the 
lesion is situated in the dorsal region of the cord, the band of hyperow- 
thesia extends round the trunk in the form of a belt. The patient feels 
as if a tight band were drawn round his body. The term, 'girdle sen- 
sation,' has been given to this symptom. 

ft hen the lesion involves the lumbar or cervical segments, the band 
of hypenestheBia is not circular, but is distributed more or less longi- 
tudinally over the limbs in accordance with the particular segment 



DIauramnuitic nprcaentailan of the efftcli of aaatatc total trantvertelaioiii>fltii! Spinal OonI; 

t. Tbe BegmenC which li deBtrored by the lesion; II. A MgtneBCof the cord below the IkIoii: 
B. Iherlglit. and B', tbe lett cerebrsi hemispheres; 1. 1, t, moior centres Id the rifthc cerebral 
hemJflphere f rom which the motor tract prooetids to the mascleB H And M'od theUn side tit the 
bod/.— For the sake at dearaen, lbs direct pjrramldsl tracts hare been omitted—^ a. 3, motor 
ocDires In the lef I oerBbral hemlBphare. from which the motor tract proci-edB to the miucles M' Mid 
H' on the rlKlit side of the bodf: 3, 3, 3, seasorr centnm In the H(>t>t cerebral beinlupbere to which 
the seiuoiy tract proceeds from 8. T. and S>, T^. the Bemsory areas on the leFt sldeaf the body: 
4, 4, *. aeaaorj centres In the left cerebral hemtaphere to which the Bensory tract proceeds Irmn 
8', T and S'. T, the sensory areas on the rlRht aide ot the hodj. 

Motor ImpulBes poBBlng downwards throusb 1 and S are arrostAd at the seat of tlie leBlon. The 
mnsclea H and M' supplied by the diseased Begmenl are in a state of acute atrophy. The musctes 
W ■i.d U' inpplled by ugntent H. retain IhelrDormal bnlk. Icellex Impulses cannot pass thtnueb 
the dlieased seKmeul. Keflex impulses passing through seemenC II, are ezafKeraled, for the 
redex arc is perfect, and the loteral columns above this segment a™ degenerated. Bensoty 
impressohis passing trotn all the parts below the lesion are arresled la the diseased eeBjnent, 
BecondarydBBcendinedeiienerallonor the crossed and direct pyramidal tracts below the lesinn Is 
Indicated by the dotted lines and 1b showa In secment II. Secondary ascending degeneration 
»bO»e the lesion Is Indicated by the dotted continuations ot the neusorj- tracU and Is ihown «l 
II, (1 In Og. A. For tbe sake of cleameas, aeoondary ascending degeneration of the direct oers 
bellor tracts la aolahown la the large flguro; It la. however, seen (b, WinflK- A. 
Hcte to Ffgt. ee and 61- 

In lh.H>e flgitres i n a total nensory decusiatl'm lu the cord is shown, and tS) the lensoiy 
afeiinodeIiipasBupihepoBtoru-!uii-niaIi--Lilui.m. A-Tcgsrcls these pohitB. seepages*. 
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which happens to be affected. The distribution of hjperffisthesia. in 
sach ca^s, will be readily understood, by referring to the sensory func- 
tiona of individual segments (aee page 122). lu flg. 60 I have diugram- 
matically represented the akin symptoms which result from ii total trans- 
Tersa lesion. 

7. There is vaso-motor paralysis below the lesion. Secoiuliiry de- 




meration of the pyramidal tracts {crossed and direct) beloT 
tbe lesion, and secondary ascending degeneration of the postero-intemal 
colamos nnd of the direct cerebellar tracts above the lesion, are gradu- 
ally eetablished. 

8. Trophic disturbances in the skin of tho sensitive area of the .seg- 
ment aometimes occur. 

9. The functions of the bladder and rectum are often aorionslj de- 
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ranged. The exact character of the Tesical and rectal dorangemeut 
depends upon the segment which happens to be affected. If the lower 
portion of the cord, in whieh the vesical and rectal reflex centres are 
eitnated, is destroyed, paralysis of the spliincters, ammoniacal urine, 
cystitis, etc., are developed. Tlie urinary disturbances will afterwardu 
be more minutely considered {see page 111). 

Where the lelion is above the lumbar region, especially when the 
upper dorsal or cenical segments are involved, jtriapisiii moy occur. 




This condition is probably due to irritation of 'cxcitor' fibres which 
pass from the cerebram to the sexual reflex centre. 

Lesions of the upper cervical region are sometimes attended with 
hyperpt/rexia. 

The symptoms produced by a chronic transverse lesion will be re- 
ferred to in speaking of the effect of alow compression of the cord {aw 
page 57). 
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UNILATEHAL LESIONS. 



The more important symptoms which follow acute dfslrucfion of 
one-Aal/ of a segment of the spinal cord ure diagrummatically represonted 
in fig. 61, anil are us follows:— 

1, Paralysis of tlic muacular area supplied by the anterior root arising 
from the aScctcJ half segmcnti and of all the muscular areas on the 
same side of the body which arc situated below it. 

2, Thii paralyzed musclcB supplied by the affected half segment are 
flaccid; they undergo rapid atrophy, and present the ' reaction of dcgen- 
eralion.' 

3, The paralyzed muscles supplied by half segments below the lesion 
do not undergo rapid atrophy. With the occurrence of secoudary de- 
ecendiog degeneration, they become tense and rigid. 

i. Theoretically we should expect to find the refleies passing through 
the affected half segment, abolislied; and the reflexes, passing through 
the inferior half segments on the same side of the body, increased. But 
ihe exact condition of the reHeses in unilateral lesions has not yet been 
BufHeiently investigated to allow any very positive statement to he made. 

5. The common and special sensibility (muscular sense) of the para- 
lywd mnsdea is diminished or abolished. 

(I. Thyre is vaso- motor paralysis below tlje lesion on the eame side. 

7. Anesthesia of the sensitive area of the affected segment. The 
antesthesia is bilateral; for the eeusory fibres, which enter by the poste- 
rior nerve root of the affected side, are "cut' before their decussation, 
«r.d the sensory fibres, which eutor the segment by the posterior root of 
tjio opposite side, are 'cut' after they have decussated. Wheu the 
lesion td situated in the dorsal region, tbe band of ftna>8theBi» is circular 
(flee fig. 63); where the corneal or hinibar segments are involved, it is, 
(or the reason already given in speaking of total transverse lesions, more 
or less longitudinal. 

8. Anesthesia of the sensitive areas of all inferior half segments on 
the opposite side of the body, 

!). Hypercestliesia of the sensitive areas of all inferior eegmcnts on 
the same side of the body. The exact cause of the byperfflsthesia is uot 
known. 

10. A narrow band of hjperoesthesia corresponding to the upper level 
of the lesion.011 the same side of the body is usually described. It ia 
supposed to be caused by irritation of the sensory Qbres which enter the 
cord at the upper level of the lesion. Tho band c.t hyperiesthesia is cir- 
colar when the lesion is situated in the dorsal region {sec fig. G2); where 
the cervical or lumbar segments are involved, it is. for the reasons given 
in sj>eaking of total transverse lesions, moi-e or less longitudinal. The 
clmraeter and distribution of the sensory disturbance in a unilateral 
lesion arc well ehown iu fig. 02, which is copied from Erb, 
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A Hginentot the Bpinal cord, Uie light, half or wLiicli i» <lea.roTvlbylhe\a^<m: 11. 1 
act proceeding rrom the right bemlspba 

(be direct pyramid«l tract* hsTe baen omitted); a, motor tract proceedln}; from the left hMni- 
■pbercottJie brain B'. to the miuclea U' uidtP. on the rLgbt nide of the body: B. the eenaorjr tract 
procetidiDK to the light liemlsphero of the bralo from 9, T. sod from 8". "P. the seoaltlve urew on 
the left Bide of tbe bodf: 4, thn Renaorr tract proceeding to the left hemiephere of Uie bralo from 
2',T.ux6 troind>.T>, the aeutiitlve areas on the right at the bodr. 

Motor linpula*", paauiiig from tile left hsmiaphera of the brain along 3, are arrested at tbe seat 
of the leBlon. Tliere i% therefore, paraljals of tbe musciiliu' areas lU ' and M>. ^The motor tntel 
below V la dMn'ner«t«<l. The musculir area H' it acutely atrophied. Retlex [mpulsec. paailiiK 
from SI, T> to M I. are KballHhed. Th- |nral;Eed muscles M' belon- the lesion are not atrophied' 
RefleXM. pwiJng rivm S* and P to U'. are eiasRei^ted, far the reflex arc vhich |>a»ea through 
SFgiueolU. lalntout. aud the isli>ral coliiinn abovescvieiit II i" degenerated: the degenenUnn 
□t the mutiir tract bflotr S- Is Indicated b; a dotted line, and Is seen In segment II. Sensorr 
liDpreulotiB from iboHnaltlve areas, t>eloi> ihe lesJoa. and on the opposite aide of Ihebadjr, 3t.Ti. 
arearresteil at the Hal of the lesion. Sensor]- liupres^ons rrom S. T. and Si, Tl, the seoaliiTearcA 
of the alTecteil nvgrnenl on both sIiIsm uf the body, are ahia ' LInclieil ' l>y the lesion. The raalo 
aenaory tract proowdlnij to tbe right hemisphere of Ihe brain Is degenerated aboie tixe iBdOfi M 
atiown Is He- A. TheaiTowv Indicate the OQunw of the Deere curreim. 
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11. Derangements of the vesical and rectal reflexes may occnr. Tro- 
phic distnrbances in the skin of tlie sensitive area of the affected half 
segment will occasionally bo observed. 

Secondary descending degeneration of the pyramidal tracts (crossed 
and direct) on the same side below the lesion, and secondary ascending 
degeneration of the postero- internal coinmo, and of the direct cerebellar 
tract on the same side above the lesion, will of conrse follow. 

The fibres of the posterior root which enter the affected half segment 
and their upward prolongations in the opposite postero-intemal column 
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will also degenerate; but the fibres, entering by any one posterior root, 
form such a small proportion of the whole sensory traci; that this as- 
cending degeneration on the opposite side to the lesion is not percep- 
tible. 



PaBTIAL (son-system) lesions of one OB BOTH HALVES OF TBB 
SEGMEM, — lu cuaes of partial destracUon, tlio symptoms, of course, 
vary with the part of the transverse section which happens to be affectetl. 
After the full details already given us to the effects of lesions of the dif- 
ferent tracts, it ia unnecessary to indicate all the possible effects of indis- 
critcinate lesions of thia description, I should however say that there is 
a well-marked type of myelitis, in which the inflammatory process affects 
the central gray matter, which must not be confounded with the system 
disease (acnts in&immatioa of the antenor horn of gray matter). In 
acale central mt/elitis the anterior horns are, it ia true, usually involved — 
and this seems to be partionlarly the case whare the leaion affects the 
lumbar enlargement — but the central gray matter and the posterior 
cornua are affected too. Tfiey are, in consequence, well-marked sensory 
diatnrbancos. Tha bladder and rectum are usually profoundly affected, 
for the lesion generally involves the ae.wments through which the vesical 
and rectal reflexes piiSB. There is often some trophic alteration in the 
akin to which the posterior nerve roots of the affected segments u^ 
distributed. ^H 

EXTRA-MEDULLARY LESIONS. ^| 

I have now fully describeil the symptoms which result from lesions 
of the different parts of the spinal segment. So far, I have been speak- 
ing of the cases in which the morbid process originated ia tha cord itself. 
I shall next consider the second great group of cases, vi^. , those in which 
the lesion commences outside the spinal oord, and in which th^ derange- 
ment of the cord is a aecondary, and. aa it were, an accidental process. 
The chief affections comprised in this group are: (a) spinal meningitis; 
(b) Pott'a disQiise of the vertobrie; (c) tumors in the spinal canal spriug- 
ing from tho bones, membranes, or nerve roots; (d) traumatic injuriea, 
such as fractures or disbcations of tho vortebrse, wounds of the spinal 
cord; and (g) hemorrhage into the spinal canal. The clinical picturo 
which these cases present is generally a comphcated one, for it is CL^ra- 
posed partly of symptoms due to the primary morbid condition (the dis- 
ease of the vertebne, membranes, etc.), and partly of symptoms which 
result from derangement of the spinal functions. It is only by keeping 
in view this double composition, so to speak, of the symptoms, and by 
clearly understanding tho manner in which these lesions affect the nerv- 
ous structures, that it ia possible to comprehend these cases intelligently. 

The spinal sijmptoini which are met with in extra-medullarg lexinm 
may ba due to: (t) pressure upon the cord; (3) pressure upon the nerve 
roots; (3) extension of the primary morbid process (inflammation, for 
example, in the case of meningitis) to the cord or uerve roots respec- 
tively. ' 

' Tha pain which results from irritation of the sensoty nerve fllamenta is tbfl 
perloettsum iind membmneii ia'of courae, a nervous phenomenon, I 
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The symptonia which result from inflammitioii of the Jifferent jiarti 
of the spinal segment have been already so fiiliy detailed, that I need 
add nothing to that description furtlier than to say, that the inflannna- 
tory process may he either auuto or c!ironic; that in some cases it in- 
volves the whole thickness of the cord, while, in othersj it ia the peri- 
pheral layer which is chiefly affected. I must, however, particularly 
direct atteutbn to the effects of com;jraa3ion of the cord, roota, ami 
membranes. 

Speaking generally, the effects of pressure on nervous tisauo vary 
with the function of the affected part; the severity of the pressure; and 
the rapidity with which it ia exercised. Rapid pressure usually pro- 
duces acute destruction, or acute inflammation, quickly passing on tO' 
destruction of tissue. Slow preaaura ia attended by gradual interruption 
of function, chronic inflammatiou, or atrophy of the compressed part. 

BAPID rOMPnE.S3I0y OF THE SPISAL COBD. 

This condition nsually results from fractures or dislocations of the 
vertebrffi. The effects of rapid compression of a segment of the spinal 
cord hya displaced vertebra would ha iiumodiate interruption of itsfuuc- 
tion both as a conducting medium and a spinal centre. Acute inflam- 
mation, rapidly pa=sing into destruction of its tissue, would spaedily 
follow. The symptoms would, therefore, be those of an acute transverse 
myelitis. Dmlh very generally follows. 

In addition, the compression would probably also involve the nerve 
roots arising from tlie augment, and tho adJHceut portions of the mem- 
branes. Other symptoms might consequently result, to which I will 
presently refer. 

SLOW COMPBESSIOS OF THG SriSAL COBD. 

This is a common condition; it may result from the pressure of dis- 
eased bones, inflammatory products, or thickened membranes, as in 
Pott's disease and the various forms of meningitis ; or, it may be due to 
the pressure of cancerous or other tumors. Slow compression of a 
segment of the spinal conl causes gradual interruption of its functions, 
both aa a conducting medium and as a spinal centre. Motor conduction 
is first impaired; sensory conduction is affected later; chronic inflamma- 
tion, and slow destruction of the segment gradually supervene; secondary 
ascending and descemling degenerations follow. 

TJie symptoms, therefore, which result from nlow c-antpression nf /Ae 
cord if net/ are : 

1. Motor weakness in the muscular area of the compressed segment, 
and of all segments which ai-o situated below it. As the compression iii- 
tbe direct result of the primary morbid condition (disease of the bones, mem- 
branes, etc ), and hence hao not been included tmder the nervous syraptoma 
whicli are due lo extensian of the morbid process, and to jireEBUrc. 
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B musoukr weakness becomes greater, and complete paralysis 

Way bi! finally tJeveioped. As a matter nf experience, we know tliat the 

motor weakness i.t usually more marked in the mnecular areas of the 

impressed Hegmont utid of the seirmcnts which are situated immediately 

)elow it, th'in in the muscular areas of Begmeats far removed from the 

at of lesion. When, for example, the cervical enlargement is cora- 

■■preased, as in cases of hypertrophic cervical pachy-meniogitis (see Gg, 

■ 63), the loss of power is much more marked in the upper than in the 

jlower extremities. The explanation is supposed to be that the motor 

liflbres which are about to leave the cord are more superficially placed, 

iSnd hence are more seriously affected by the pressure than those destined 

■for distant segments. Tho nutrition of the weakened or paralyzed 

"JmuBcles is not much affected;' there ia no reaction of degeneration; in- 

■■Creaso of the reflexes below the seat of the compression occurs; the legs 

B often rigid; in short, tho condition of spastic paraplegia is present. 




i. Anfestlicsia of the sensitive areas of tho compressed segment and 
of the sogmcnta which are inferior to it. As I have prcvioiisly remarked, 
the ansesthesia is usually developed later thau the paralysis. 

3. Ab the segment becomes more and more compressed, its tissues be- 
Hmo disorganized, and chronic inflammatory changes are developed. 
Bts muscular area becomes atrophied, and its reflexes arc gradually 
nltshod. ^M 

Secondary ascending and descending degenerations follow, ^M 

Compression of special parts or segments of the spinal cord may, ^H 
course, give rise to other symptoms in accordance with the special funo- 

' Tlie niusdes supplied by rapidly compressed anterior roots will ua<ler|:o rapid 
atrnpliy. nud will present the ■ reaction of degeneration.' (See page B5.) 
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tiona of the compressed segment; when, for inataace, the lower part of 
the Inmbar enlargement is affected, derangements of the bladder and 
rectnm would probablybe present; when again the upper part of the cer- 
Tical region is compressed, priapism, Iiyperpyreiia, or paralysis of the 
diaphragm might be observed. 

Bnt, in addition to the symptoms which result from compression of 
the cord itself, others, due to pressure on the nerve roots and the associated 
affections of the spinal membraues, are almost always present. These 
sj-mptoms are of great diagnostic value, and it ia important to remember 
that ihey are usually developed before the symptoms, which result from 
the compression of the cord itself, have become prominent. 

The symptoms which result from compression of the nerve roots are 
as follows : 

Symptoms due to pressure oh the posterior nerve roots. — When a pos- 
terior nerve root is compressed, the passage of peripheral impressions, 
from the region of the body to which its fibres are distributed, is inter- 
rupted; and ancesthesia in the sensitive area, and diminution or abo- 
lition of the reflex movements in the muscular area of the segment to 
which it ia attached, occur. 

When the pressure is incomplete, and when irritation of the com- 
pressed fibres is produced — conditions which usnaJJy obtain in the early 
slu^ea of the case^-hypenesthesia, or a combined condition of hyperses- 
ihesia and partial anseathesia are usually observed. 

Severe pressure may not only arrest conduction through the posterior 
roota, bnt may also produce irrit^ition of their component fibres. Now, 
irritation of a sensory nerve causes stimulation of the sensory perceptive 
cerebral centre to which it proceeds, and the impression thus generated 
is referred by the mind, in accordance with the law of * eccentric pro- 
jection,* to that portion nf llie periphery to which the terminations of 
the irritated nerve are distributed; in other words, to that part of the 
body from which the sensory impressions, which normally pass through 
the affected nerve, proceed. Hence it is, that compression of the posterior 
roots of our segment may not only cause anaesthesia of its sensitive area, 
but may also produce painful seusations in tlie anesthetic parts. The 
pains are usually of a sharp shooting chanictor, This condition of com- 
bined atuesthesia and pain, to whieh the term 'antssikma dolorosa' 
has been given, is of considerable diagnostic value, for it shows that the 
lesion is situated outside the gray matter of the spinal cord. ' Ansea- 
thesia dolorosa' may result from irritation of the posterior root-fibres 
in the postero- external column, and it is, in fact, frequently met with in 
locomotor ataxia; or, it may be duo to pressure on the posterior roots, or 
sensory nerve trunks. Hence its value as a localizing symptom in the 
cases we are now considering. 

Irritation of the posterior roots may also produce reflex muscular 
ition (spasms, etc.), in the muscular area of the segment. This is 
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nrobably, in purt lA least, the cuiiee of the jerkings, spasme, uud coQlriu-i- 
airee which occur in cases of spinal meaingitia, 

Si/mptoms line (o compression of the anterior roots. — When an aate- 

Dr .nerve root is compressed, diminution or total loss of motor power 

' (paraWfiis) io the musci^iar area of the segment to which it is attached 

occurs. Where the motor fibres are irritated, twitchings, spasms, and 

contractures may occur. This id another ca,\\&<3 of the muscular spasra^ 

and contractures which are ho characteristic of spinal meningitis. When 

the compression is sufficiently great to shut off the trophic infiuence of 

the multipolar nerve cdls of the anterior eornuu, marlted atrophy of the 

p-paralyzed muscles is present. When the compresHion is qaickly estab- 

rtlshed, the atrophy may be rapid, and the ' reaction of degeneration ' 

will then be observed. When tlie motor conduction is completely ar- 

" Tested, the reflexes in the muscular area of the segment are abolished; iu 

minor degrees of cumiiroasion the reflexes may be retained. 

Symptoms which result from prenaure on the xpinul membrannti. — The 
spinal membranes, more particularly the dun. and pia, are richly sup- 
plied with seuaory nerves. Comprcssinn of tho membranes is, therefore, 
in most cases attended with pain, which is referred to the region of tlie 
epi'.inl column. Where the compressed membranes are inflamed, thept 
"8 proportionately greater. The pain of meningitis is usually iucrei 
a movement of the spinal column. 

The pathological histology of spinal lesions will be more approprial 
jonsidered when tlie special pathology of the individual diseases is treated 
! (see chapter IV,), but before leaving the general pathology of the 
pinal coril, it will perhaps be well to say a word or two regarding " 
tngenital malformations. 






The Oongenitid Malfiir'natioHS of the .Spinal Cord. 
It is unneAsaary to refer in detail to ancephalic, and other monsti 
!ties in which the spinal cord has been found absent, imperfectly dei 
' oped, double, or otherwise misshaped. Cases of this description 
no practical importance, since the malformations of the central nervous 
sj-stem and other organs are too great to permit of extra-uterine exist- 
ence. Lcsaer degrees of malformation of the spinal cord are not vory un- 
common; in many casaa they are unattended with symptoms during life, 
and are only recognized acoideutally on post-mortem (microscopical) es- 
aminntion. 

The most common and important congenital malformation, which is 
compatible with extra-uterine existence, is the ordinary spina bifida; la 
this condition a cleft or fissure exists in the posterior surface of the boi 
wall of the spiTial canal, through which a cystic tumor, which vai 
greatly in size in different cases, projects and forma a fluctujiting 
poutaneous tumor. Tho tumor usually projects in the sacra! or Ini 
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regions; the walls of the cyst are usually formed of the dura and arach- 
noid, and the cyst is, as it were, a localized dilatation of the sub-arach- 
noid space. In other cases, the pia mater is found in the wall of the 
sac; in such cases tite cyst may communicate with the central canal of 
the spinal cord, which is then usually much dilated. In many oases ol 
spina bifida, the cord itself is normal; in others, it is flattened and com- 
pressed; in others again, as has been jnst mentioned, its central canal is 
dilated, and its structure altered iu consequence of the dilatation of the 
-central canal and the pressure to which it is subjected. 

The remaining malformations of the spinal cord may be divided into 
(1) alterations of the gray matter; (3) alterations of the while columns. 
and (3) alterations of the central canal. 

AUcraiions of tlie gray matter. — In some cases in which one of other 
of the limbs is congenitally absent or imperfectly developed, the gray 
snbstance ia the half segments to wliich the nerves from the deficiently 
developed parts are attached, is shrunken. 

In some cases a portion of the gniy matter is detached from the rest 
(see figs. 64, 65, 66, and 67), the exact significance of alterations of this 
description is doubtful. 

Attffrations in the white columns — In those cases in which the gray 
matter ia misshapen the white ooliimns are of courso variously modified. 
(See figs. 64. 65. 66. and 67.) In other cases in which the central gray 
substance is normal, the white columns may be misshapen. (See fig. 
68.) 

Altrralions in the central canal. — Dilatation of the central canal, 
more eapcfi'illy in the lumbar region, is not at all uncommon. The 
minor degrees do not seem to be of any jlractical importance, hut in those 
exceptional coses in which the dilatation is great and the cord structure 
displaced and dlsorsanized, the malformation is more serious. In some 
cases of this description, as has hsen mentioned above, the dilated central 
canal eomes to the surface of the cord and communicates with the sub- 
nnichnoid. 

Double central canal. — This condition is not very uncommon. In the 
case represented in fig. 69, the double central canal is surrounded by a 
thick zone of connective-tissue corpuscles; in fact, so far as I have been 
ublc to ascertain, the division of the canal in that case seems to have been 
due to the encroachment of this connective tissue growth. This division 
of the central canal ia intsreating, for it seems to be closely allied to those 
cases of syringomyelia, or cavity within the cord, which have been more 
particularly describi.>d by Leyden, Westphall, and others. 

In caaos of ayrin^omyelia, a cavity, which is sometimes of consider- 
able siae, and which is generally surrounded by a dense mass of spindle 
ceils, nenrog!ia-lik,j or myxomatous tissue, is found \vithin the spinal 
cord, almost always in the posterior white columns or adjacent parts of 
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the gray matter. (See figs. 70 and 71.) In some cases the wall of the 
cayity contains an epithelial linings and there seems to be little doubt, as 
Westphall now concludes, that the condition is generally due to dilata* 
tion and malformation arising in and around the central canal. 




Fio. 64. 

Tranjtverse section through the upper part of the cervical region of the spinal cord^ showing a 

malformation of the gray matter. (.X about tO diameters.) 

CL, a, anterior horns of gray matter; b, detached portion of gray matter lying l|etwee|i the 
anterior comu and containing nerve cells; c, membranes. There is no anterior median fissure. 
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r/-ii..iif r*- Srct.i.n of Iht C-rviait Portion of tbr Sptmil Conl in a ™« of In/<i«Hh Parulum- 

The luternl column on th» left aide 1b split b^ a. dnrp Omire. >ad U Duriouair mtnhapen. At 
Um bellom of the (l«ure B faundlu of nerve flbres, a levldeDtlj ■ transTeraelr dlrlded nerre roal). 
liitluaUtil, Thla ■luntlon In (he shapp of ibe lateral colutnu lBacoiigi-iiltsl<;oi)iJlUoii,iuiil proba- 
htrhadnoihlustodowiih Uie paralysis. Tlie mtDUleniniclureor the laWral aidumn 1> perfei;ttr 
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At tills lerel, the faviiy la vlilch Hie 
nt imrUuii at Itie poaterior column. 
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CHAPTER riT. 



METHOD OF CASE-TAKING— SUMMARY OF SyMPTOMS MET WITH 
IN DISEASES OF THE SPINAL CORD— THE CLINICAL EXAMINA- 
TION OF A CASE OF SPINAL CORD DISEASE— GENERAL PLAN 
OF THE DIAGNOSIS-GENERAL PLAN OF THE PROGNOSK— GEN- 
EEAL PLAN OF THE TREATMENT. 



I HAVE now described the leading facta in the general pathology ot 
the sgiinal Begment, and have poiuted out the alterations in function 
which result from lesions of its different parts. I will next skctcli out 
the ' method of case-tafciug ' and the ' plan of examination ' which I ara 
iu the habit of following in the clinical investigation of cases of spinal 
cord disease; and this will afford a convenient opportunity for snmmo- 
rizing the symptoms which occur in this group of cases. 

But first, I must insist upon the great importance of system and 
method in clinical examination. A methodical plan of case-taking 
greatly facilitates the exumtnution of any organ, but it is especially im- 
portant in the case of the spinal cord, the functions of which are so 
nnmerons and so complicated. Indeed, the difficulties which stndenta 
experience in investijjating the affections of the spinal cord, at the bed- 
side, are in great part due to the fact that they enter upon the examina- 
tion of the case without any well-considered and definite plan of study. 

Varions methods of 'case-taking' are in use, and all of them have 
some advantages. I do not pretend to claim that the following plan is 
better than the rest, but T can at least say that it is simple and system- 
atic, and that I have found it work well in practice.' 

METHOD UF CASE-TAKING. 

A. PRRr.TMTTTAHY FACTS ^-Name— Age— Ses— Married or Single 
— Occupation — ^Puli Postal Address — Date of Admission to Hospital. 



B. COHPI.AINTS. (The Sympto: 
salt the physician.) 



1 which bring the patient to con- 



' A methodical plan of case-taking is, ot course, essential for scientific pur- 
poaee, and it would be moat advantageous if phjsiciaoB could agree upon a uni- 
form SFttem. 
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C. THE HI3T0BT:— 

(1.) Of the Frasent lUngss : — The esact date of its comniencement. 
Tlie exact mode of commencement. The supposed eiiusu of the attack. 
The exact character of the sjniptu'.iis; the order of their appearance; and 
the treatment which has been adopted, up to the time wJieu the patient 
comos under observatioii. (Iii sicute casea it is convenient at this stage 
of the examination to take the temperature.) 

(2.) The Health History prior to the commoncamstit of the present 
attack: — Especially u history uf discaso or injury likely to be followed by 
diaeaae of the spinal cord. The habits, mode of life, and general sur- 
roundiugs of the patienl. 

(3.) The Pamily History : — Especially the occurrence of nervous 
affections amongst near relatives. 

D. THE PRESENT CONDITION. {The date at which tho exami- 
nation ia made should be stated.) 

(1.) The Physiognomy of the Case:— The description of any strik- 
ing abnormal appeariiucea. The facial expression. The attitude. The 
gait. The general state of luitritiou, etc. 

(2.) The Clinical Examination of the Spinal Cord. Motor Func- 
tions: The condition of the muaolea supplied by the different spinal 
nerves (muscular areas of the ditfereut aegments) with respect to: — 

1. Voluntary motor power. 

2. State of nutrition. 

3. Irritability. (Faradic, galvanic, and mechanical.) 

4. Tonicity. 

5. Keflex movementa, (Superficial, deep, and organic. ) 
C. Co-ordination and the muscular aeuse. 
Sensor t/ Fund ions : The condition of the sensory areas of diffi 

aegments, with respect to: — 

1. Subjective aensatiouB(pain, numbness, tiughng, formication, heat, 

cold, etc.). Their exact character and distribution. 
3. Objective sensations (sensibility to touch, pain, and temperature 

is to be tested separately), 
The Vaso-motor mid Trophic Condition of the Skin and Joints. 
T/ie Condition of the Spinal Column: — Its conformation, the presence 
of irregularities or curvatures. The presence or absence of pain on per- 
caasion or movement of the vertebrse. (The hot sponge test.) 

(3.) The Condition of the other parts of the Nsrvous System. 

(4.) Tho Condition of tha Alimentary, Circulatory, Beapiratory, 
-Qenito-urinary, and Integumentary Systema. 
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E. THE DIA.an'OSIS. 
P. THE PB0GN08IS. 

G. THE TREATMEWT :— Hygienic, dietetic, medicinal (general and 
local). 

H. THE SUBSEQUENT COUHSE OF EVENTS :~The progress of 
the case daring tbo patient's stay in hospital. The mode of termination. 
The date ol termination. In fatal eaaea the record of ihepost-morlen 
examination, and an account of the microscopical appearances of the 
cord. 
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SUMMARY OF THE CHIEF SYMPTOMS. 



PHELTMTNARY PACTS. 



Aqb. — Disease of the spinal cord may occur at any period of life, but 

le affections ure much more common at one period than at another. 

Childhood. — Acute inflammation of the anterior cornu {Polio-mtfe- 
Utia anterior acuta) is very common in chUdren {the period of greatest 
freqaency being between the ages of one and four); and is almost con- 
iBned to early life, Infiammatory affecttana of the membranes, especially 
the tubercular form, are most frequently observed in children. Amongst 
the rarer diseases o( the cord, rejiex paraplegia is usually seen in young . 
mbjecta. A peculiar form of spastic paralysin, of which I have seen 
eevcral examples, occnrs in young children, and appears to be congenital, 
A very rare, congenital form of 'locomotor ataxia has been described by 
'Friedreich- Dinseminated sderonis ia occasionally met with. 

Yotith and Early Adult Life, — Organic affections of the cord itself 
are not bo frequent during youth as during the earliei' and later periods 
of life. Compression of the cord, the result of Pott's disease of the vt-rte- 
brffi, is most common at this period. Ifj/sierical parapleffia, and 'spinal 
irritation,' occur in females. The functional derangements, which have 
'been classed under the term 'spinal nervous weakness,' are met with 
^inongst young males. Meningitis and mgeliiis are relatively common. 
Cerebrospinal sclerosis usually commences between the ages of twenty 
and thirty. 

Adult Life. — This is pre-eminently the ago for the chronic organic 
affections of the cord. Locomotor ataxia occurs most frequently between 
the ages of twenty-five and forty-five. Progressive muscular atrophy is 
now relatively most common. Myelitis is also frequent. Meningitis is 
not nncommon. Of tlie rarer affections, primary lateral sclerosis occurs 
between the agoa of thirty and fifty; amyotrophic lateral sclerosis be- 
:tween thirty and forty-five; the very rare disease, acute ascending paraly- 
sis (Landry's paralysis), between twenty and forty; polio-myelitis antt- 
ica between twenty and fifty. 
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Sex. — Speaking generally, it may be stated that males suffer morp 
frequently from diseases of the spiual cord than females. The greater 
liability of the male is partly due to the fact that he is more exposed to 
ail sorts of injurioua external inflneDces, such as injuriee, cold, syphilis, 
etc. Locomotor ataxia, and Progressive inuscular atrophi/, occur much 
more frequently in men than in women, llysfencnl paraplegia and 
' spinal irritation ' are very much more common in females. Functional 
derangements cliissed under the term 'spinal iiervotis weakn-Pss* aoi 
refiex parapleifia are more common in males. The eongenilnl form of 
locomotor ataxia seems to occur, at least, as frequently in girls as in boys. 

Occupation. — The occupation of the patient is not a factor of much 
importance in the production of cord diseases. There are, however, one 
or two notable exceptions to thia genera! rule. Divers and others who 
work under very great atmospheric pressure are apt to suffer from para- 
plegia. Certain forms of progressive muscular atrophy seem to occur in 
porflonB who follow particular trades, and to be duo to the over-uso and 
consequent exhaustion of certain muscles. Lead impregnation aeenu 
also to produce a general form of muscular atrophy. The ordinary form 
of lead paralysis {wrist drop) which occurs in persons who work in lead 
is well known. Those who are exposed to injurious external influences 
are more liable to suffer from meningitis and mt/elitis than the well-pro- 
tected. Pott's disease is most common in the ill-fed and badly-clothed. 
Hysterical paraplegia, and all forms ot functional derangement are more 
frequent amongst women who lead indolent and luxurious lives than 
amongst the laboring classes. 



COMPLAINTS. 

Moat patients, wiio come to a physician, knowing that they are Buf- 
fering from spinal cord disease, complain of some form of motor de- 
rangement (weakness, paralysis, unsteadiness of gait, stiffness, etc.). 
Patients with commencing locomotor ataxia complain of rheumatism 
and neuralgia; or, they consult an oculist on account of diplopia, squint, 
dimness of vision, etc. In cases of slow compression of Ike cord, and of 
chronic meningitis^ pain in the back, or in the course of certain nerves, 
is usually the prominent symptom. In cases of myelitis, difficulty in 
micturition may bo the first symptom, but is usually soon associated 
with loss of voluntary motor power. In ' spinal irritation ' pain and 
tenderness over the spinal column are the chief complaints. Males suf- 
fering from 'spinal exhaustion ' often complain of ill-defined pains in 
the back and limbs, or of some derangement of the sexual funct ioM 
weakness, irritability, impotence, and the like). 



L CASE OF ePINlL CORD DISEASE. 



THE HISTOHY OP THE CASE. 

History of the Present JUnesa. — By iiscertaiiiiug the exacl date nt 
v)hich ike illness commenced we at once dutermine whetlier the case is 
acute or chronic, a fact which may bo of considerabie diagnostic value, 
Two patients for example, present tbe symptomstif commencing pro- 
gressive muscular atrophy, viz., atrophy of the interossei and thenar 
mnscles. In the ono case, the atrophy is of some duration, in the other. 
it 13 of recent origin. The former ia probably a typical case of progres- 
sive muscular atrophy; the rapid progress of the latter ia suggestive of 
local disease of tho ulnar aerve, and should lead to the examination of 
. the parts about the elbow. If again the atrophy had appeared years ago 
and had not advanced, the idea of progressive muscular atrophy would 
"be negatived. 

Heemorrhage into tho cord and some traumatic injuriea, such as frao- 
tnres, dislocations of the spine, or wounds of the coid, are attended with 
immediate symjitoms. In cases of hysterical paraplegia the onset may 
occur suddenly and immediately after a liysterical fit. Acnte myelitis 
may develop with great rapidity, but tho onset is not instantaneous, as 
it may be in Inemorrhage. In other inflammatory cases, the onset is more 
gradual. In dow compression of the cord, from whatever cause, the de- 
relopment is dill more lardy ; while, in tho chrouic affections, such aa 
progreasive muscular atrophy, locomotor ataxia, primary lateral sclerosis, 
and disseminated sclerosis, the departure from health ia, usually, very 
SraducU, and the course extremely alow and chronic. Indeed, so gradual 
8 the onset in some of these cases, that the patient is unable to fix the 
date at which the first sjinptoras commenced. 

The mode of commencemenl of the attach, Ike character of the symp- 
toms, and the order in which they were developed, are often of great diag- 
nostic importance. Two patients, for example, present extreme atrophy 
and paralysis of the right arm. In the one case the paralysis appeared 
suddenly at theputset of the attack, and was quickly followed by marked 
atrophy; such a history (in the absence of wouud or injury) would eug- 
gaSt polio-myelitis anterior acuta. In the second case, the atrophy pre- 
coded the paralysis, the motor weakness increasing pari pasau with the 
muscular wasting; such a mode of commencement would indicate pro- 
gressive muscular atrophy. So too in a case of spastic paraplegia in a 
female, the sudden occurrence after a fit would point to the functional 
(hysterical) nature of the paralysis; white the gradual onset without hys- 
terical phenomena (other things being equal) would be in favor of organic 
disease (transverse myelitis, etc.). 

If there is any alleged cause for the attack, its exact nature must be 
ca'-<!fully inquired into. Where external violence is said to be the cause, 
tho degree and kind of violence, the exact part of the body which was 
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injured, the exaat character of the symptoms and appearances which 
followed the injnry. and the subsequent local changes and constitutional 
symptoms must all be carefully noted. It is only by attention to these 
details that we can possibly determine whether the alleged injury wag 
adequate and likely to produce the symptoms from which the patient is 
Buffering at the tim# of esamination. It must, however, be remem- 
bered that severe, and even fatal cord disease is said occasionally to re- 
snlt from concussion of the spine, such as is produced by a railway 
collision, without any evidence of bruising or local injury. Careful 
attention should always be given to the points I have just mentioned, 
which sometimes give valuable information as to the severity of the 
injury. 

TJic nature of (he treatment up to the time when the patient comet 
undor ohaervation is in some cases of importance, fur symptoms are often 
modified, and sometimes produced by treatment. The fact that the 
patient has gone through a prolonged course of auti-aypbilitic remedies 
without any beneficial result would rather negative the idea of syphilis 
being the cause, and so would make the prognosis more serious. It 
mast, however, be stated that this is not a point of very great impor- 
tance, for some ot the chronic (sclerotic) lesions which appear to be dne 
to syphilis are not materially benefited by an ti -syphilitic remedies. 
Again, in a case of motor weakness, in which stiffness and rigidity were 
prominent features, the fact that the patient had been taking strychnine, 
and that tho stiffness and rigidity had appeared after its nse, would be 
very suggestive of cause and effect, and would make tho prognosis, as 
regards the stiffness and rigidity at all events, more hopeful. 

The History as to the State of Health before the commencement of 
the Proaant niness, the Habits, Mode of Life, and general surround- 
ings of the Patient, arc also very important. SijpkiUs undoubtedly is a 
cause of some cases of myelitis; and the statistics of Erb, Gowers, and 
others, show that it plays an important part in the production of loco- 
motor ataxia. 

The question as to sj'pUiliH being the cause of locomotor ataxia is still under 
discuHBioD. There is one form of proof which would, I think, be conclusEve 
should it l« forthcoming. Women, in tliia country at least, seldom Buffer from 
locomotor ataxia. Now, if sTphilis ia the cause of the affection, practltutes who 
are bo often ejphllitic, ought to be affected with locomotor ataxia much more 
frequently than the general mass of the female population. Unless this fact is 
eatahlidhed, and the observationB of Erb and AUhaus Be«tu to give some support 
to it ' — it cannot be allowed that syphilis ia the sole cause, but it muat be admitted 
ihat there ia some other condition in additiOQ to the eyphilis which rendera the 
male more liable to the affection (locomotor ataxia) than the female. 



Diphtheria is the most ci 



1 cause of paralysis of the palate, i 



' Britiah Medical Joumat. May 81, 1881, p. 1036. 
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is Bometimes followed by paralysis of muscles supplied by spinal nerves. 
The epidemic form of cerebrospinal meningitis resnlts from an organic 
poison; in cases of cerebro-spinal meningitiB, therefore, where there is 
no ear diseaBc or other obvioua cause, a history of other cases in the 
neighborhood, or the prevalence of au epidemic, would be important, 
Plumbisin. — It ia well known that lead givea rise to various forms of 
nerve disease. A history, therefore, of exposure to lead impregnation, 
or of previous symptoms of lead poisoning, such as dry colic, wrist drop, 
etc., should carefully be inquired into in all cases of atrophic paralysis. 
Sexual excess used to he considered an important oause of Bpinal cord 
disease. Functional derangements of the cord may undoubtedly be pro- 
duced by it, and in so far as it lowers the general tone of the system, 
and debilitates the spinal cord in particular, it may bo considered as a " 
predisposing cause of cord disease; but the evidence is, I think, as yet 
inconclusive, that any organic spinal affection is produced by sexual ex- 
cess. Typhoid fever, small-pox, and the other acnte infectious diseases 
are sometimes followed by paraplegia; in some cases, probably the 
majority, the spinal symptoms are functional, in others the pareplegia 
is due to myelitis, etc. Excess in alcohol would also appear to be an 
occasional cause of paraplegia. 

The Fa miiy History. Many nervous affections are hereditary. It 
ia very important therefore to ascertain whether any of the patient's 
near relatives have suffered from symptoms similar to those for which he 
comes nnder observation, or from any other form of nerve derangement. 

Some spinal affections are distinctly hereditary. Progressive mus- 
cular atrophij sometimes runs in families. Occasionally, though very 
rarely, /ocomo/or aioaria is hereditary; CarrS, quoted by Erb,' saw eight- 
een cases of the disease in one family in three generations. 

But in addition it is necessary to inquire whether there is any tend- 
■ency to nervous disease in the family, for we frequently find the type 
of disease changing in different generations; the mother, for example, 
may be hysterical, the children epileptic, the grandchildren idiotic, and 
so forth. 

The general hereditary tendencies of the patient are also important. 
In a case of slow compression of the cord, a strong family tendency to 
cancer, in the absence of evidence ae to the exact nature of the com- 
presang cause, would be suggestive of a malignant growth within the 
spinal canal. So, too, in a case of spinal meningitis, arising withont 
any obvious cause, a hereditary tendency to scrofula would point to the 
tubercular character of the lesion. 



^ Ziwaasea's Cydopccdia of Medicine, vol. liii, p. 523. 
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PRESENT CONDinOlC 

[The dBt« at which the examination ia made should be BtattKl, far in hoepitti 
practice the caee ma; not bo taken for some days af Isr the patient's admisBlon.) 

ThaFhysiDgnomy oftheCase.' Whilo the preliminary facta and 
previous history aro bfing investigated, the physiciaii iaboth coitsciousl) 
and unconsciously learning many important particulare as to the nature 
of the case. 

In Bome cases the physiognomy at once suggests the natnru of the dis- 
ease. The observer should, however, be cautious in making an off-hand 
diagnosis, for the physiognomy ia seldom pathognomonic. A patienl, 
for esample, presents the characteristic gait of locomotor ataxia, ami 
you diagnose that condition. This ia a method of reasoning which we 
are all, no doubt, going through daily, but it ia not strictly accurate. 
The peculiar gait only shows that the patient ia suffering from that form 
of inco- ordination which results from a lesion of the posterior columns. 
The further conclusion that the disease islocoraotor ataxia would, donbt- 
lesa, in the vast majority of cases, be correct, for the sclerotic lesion of 
locomotor ataxia is by far the most common lesion of the posterior col- 
umns. But the conclusion is not logical, and in a small proportion of 
cases it would be quite erroneous, for other lesions may chanco to tw 
limited to the posterior columns, and to be attended with, the e&md form 
of in co-ordination. The conclusion which could be correctly drawn in 
such a case would be, 'the posterior columns are ailected and the prob- 
ability is, that the case is one of locomotor ataxia.' 

The phyBiognomy of the case is, however, always important, and in 
Bome cases of spinal cord disease, the picture which the patient presents 
is a very striking one. 

In iicnle cases he is generally in bed. In mfiiingitts the countenance 
usually exhibits evidence of suffering; the head may be retracted by 
spasm of the cervical muscles; the legs drawn up; the patient avoids an] 
dreads movement, for it increases the pain and spasm. 

In the earlier stages of polio-mi/ehtis anterior acuta, there may l)e 
considerable fever: the little patient may be fiushed or slightly delirious; 
twitchinga and tremors in the tendons of the wrist, and in the facial or 
other muscles are of ten observed; ' the paralyzed limbs lie flaccid and 
heljilees. 

In hysterical paraplegia the patient is a female, and in most cases 
young. She is probably confined to bed; the facial appearance is char- 
acterized by * a remarkable depth and prominent fulness with more or 

' By tlie t«rin physiognomy of the case, I mean not only tlie facial phyBiog- 
nomy, but the appearance of the case aa a whole. 

' These muscular twitchinga are not characteristic o( Infantile paralysisi Ihey 
i are commonly observed in cases of rapid elevation of temperature in chililreiif 
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less thickDesa of the upper lip, and by a peoaliar drooping of the npper 
eyelid' (Todd). Tlie paralyzed muscles are in some cases flaccid, in 
ottiers rigid, the legs extended, and the feet inverted; they arc not 
inu-kedly atrophied, and the general state of nutritiou is unaffected. 

In locomotor ataxiaiha patient is in the great majority of cases a male 
of from twenty-fire to fifty years of age. A haggard expression of face 
is often noticeable, and is very suggestive of frequent and severe attaclcs 
of pain. Paralysis of one or other of the ocular muscles, or of the upper 
eyelid) is n'>t nncommon, more particularly in the earlier stages; later, 
the pupils may be ' pin point.' . The general state of nutrition is usu- 
ally good; the gait is very characteristic, though, as has been already 
mentioned, not absolutely pathognomonic; the patient walks with two 
Bticks; he keeps his eyes fixed on his feet or on the ground iu front of 
him; the steps are taken at regular intervals; slowly, and with delibera- 
tion, but the movements of the legs are irregular; the feet are jerked 
I outvrarde, the heels brought suddenly to the ground with a stamp. In 
uncomplicated cases lie walks in a straight line. There is no giddiness; 
the unsteadiness is, as Duchenno pointed out, not due to the head but to 
the legs. 

In apantic paraplegia, a condition which is common as the result of 
atrauaverse myelitis, but is probably very rare as a primary system dia- 
eaee {primary Jo^eraiacJcrosfs), the facial appearance is in no way altered: 
the general state of nutrition is good. In advanced oases the patient 
lies iu bed, with the legs stiffly extended and adducted, the feet are 
QBaatly inverted. In the earlier stages the patient is able to walk about, 
and the gait is peculiar: he walks with two sticks; each stop is attended 
with evident elTort; the feet appear to be stuck to the ground, and can 
only be moved forward by raising the pelvis, and with it the limb as a 
whole. In this process the back is strongly arched, the chest thrown 
forward, the patient leans forcibly, first on one stick and then on tho 
other, and appears to aid the elevation of tho trunk by movements of his 
arnt«. Tho toea are dragged along the ground with an unpleasant 
scraping noise, the knees are apt to interlock, and the foot which ia 
being brouglit forward tends to cross in front of its fellow. In some 
cascB, after the foot leaves tho ground, a peculiar hopping movement of 
the body is observed; it is due, according to Erb, to spasmodic contrac- 
tion of the calf muscles. 

Another form of gait, which bears some resemblance to the 'hop- 
ping' gait of spastic paraplegia, ia the so-called 'high action,' or 
'equine' gait. At each step the leg is raised high off the ground by 
flexion of the thigh on the abdomen. This form of gait is usually asso- 
ciated with paralysis of the muscle on the front of the leg, and is a vol- 
untary effort to 'dodge the pamlysis,' i, e., to prevent the toes, which 
hang down, catching the ground. In other eases the high action is 



iavoluntarj, and soem^ to be due to spasoiodic action of the moEclei 
which flex the thigh ou the abdomen. 

In paraplegia with fiaccidity, the feet are trailed with difficalty one 
after the other. The knees do not interlock. There is not the marked 
arching of the back which 18 seen la the spastic form, and the toot 
which is being brought forward does not tend to cross the middle line. 

In progressive muscular atrophy the facial appearance ia seldom 
altered. In the earlier stages the wasting of the muscles of the hand, 
uud in some cases the ' bird claw ' appearance of the fingers, at once 
attract attention. In adraiiced eases tho wasted limbs hang helpleBsly 
by tho sides, as if they were hung on to the trunk by strings. The 
lower limbs are seldom so profoundly atrophied as to prevent the patient 
getting about; but in advanced cases they, like the armu, seem to hang 
loosely. When the lumbar muscles are affected, the back is arched, the 
belly protruded, but the gait is not 'waddling,' as in pseudo-hypertro- 
pliic paralysis. 

In cerebrospinal sclerosis tho patient is generally between twenty and 
forty years of age. The countenance usually presents a stupid, vacant, 
stolid expression; the mouth may behalf open; the speech is altered. 
the tone monotonous, the words drawled out in a scanning manner; 
nystagmus (oscillation of the eyeballs) occurs in a certain proportion of 
cases; the pupils are sometimes markedly contracted. In the earlier 
stages the gait is not much altered, but the experienced observer can 
often, even then, detect characteristic alterations. In many cases the 
patient walks with the head erect or turned slightly to one side, and 
perhaps drawn a little back; there is an evident effort to keep the neck 
atilf and tho head steady. On close observation, slight jerking move- 
ments of the head and neck can be perceived. In tho more advanced 
stages the gait is extremely unsteady and irregular; but in characteristic 
cases the inco -ordination is quite different from the gait of locomotor 
ataxia; it is, so to speak, of a coarser kind, and seems to involve the mus- 
cles of the trunk rather than the muscles of the legs. The patient does 
not walk deliberately and in a straight lino (as the subject of locomotor 
ataxia usually does), but is apt to shoot'euddenly forwards or to one side; 
the loss of control is sometimes sj great, that ho knocks np against sar- 
rounding objects, I have seen a patient in walking across a small room 
come violently in contact with the opposite wall 

THE CLINICAL EXAMINATION OP THE SPINAL CORD. 

As I have previously remarked, the essence of the clinical esamins- 
tion of the spinal curd consists in tho separate and systematic examina- 
tion of its individual segments. The motor, sensory, reSex, vaso- 
motor, and trophio functions of each segment should be investigated as 
accurately as our present knowledge will allow. 
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I will now briefly describe the symptoma which are met with in dis- 
eases of the spioal cord, and will indicate the points to which attention 
is to be directed in the clinical examinution of the case. 

MOTOE DEEANGEMEKTS. 

The aymptomB which reatilt from derangement of the motor fano- 
tions of the cord may be either in the direction of diminished or in- 
creased fanction. Paralysis, paresis, and inco-ordi nation are examples 
of the former; spasms, cramps, and rigidity, of the latter. 

Paealtsis. — Spinal paralysis is, in the great majority of cases of 
cord disease, bilateral and limited to the muscles of the lower extremi- 
ties; it is then termed paraplejia. The loss of motor power ia, not ua- 
freqaently, greater on one sidethan on the other. The bilateral character 
of the paralysis is due to the facts, that the motor tracts of the two sides 
of tbe body are in such close relation in the spinal cord, that acute indis- 
criminate lesions, such as myelitis, hiemorrhage, and traumatic injuries, 
can with difScnlty affect one side without implicating the other; and 
that the system lesions of the motor tract have a strong tendency to be 
bilateral. ' 

In rare cases, the lesion ia situated ia or above the cervical enlarge- 
ment; the upper limbs are theu involved, and the condition is termed 
cervical paraplegia. In esceptiooal eases, the lower limha escape while 
the upper limba arc paralyzed. 

Paraplegia may result from a total transverse lesion (myelitis, com- 
pression); or from lesions which involve the pyramidal tracts on both 
ffides of the cord {primary lateral sclerosis, etc.), the anterior cornua in 
corresponding half segments, the anterior root-fibres or the anterior roots 
on both sides of the body. 

Occasionally a lesion of the card is limited to one side, and produces 
on&-atded paralysis (spinal hemiplegia or spinal monoplegia). In cases 
of this description, the loss of motor power is on the same side as the 
lesion. 

When the paralysia is limited to one lower extremity, the condition 
is aometimes called hemi -paraplegia. 

The points to which allention is to be directed in the examination of 
a ease of spinal paralysis are : 

1. The exact distribution of the paralysis, 

2. The amount (degree) of the paralysis. 

3. The trophic condition of the paralyzed muscles. 

4. The irritability (electrical and mechanical) of the paralj'zed 
muscles. 



' In pDlIo-myelitis anterior acuta, the lesion ia aometimea attributed ti 
terior horn, but even in that affection paraplegia is the rule. 
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5. The tonicity of tlie paralyzed muscles. 

6. The condition of the reflesea, 

7. The condition of co-ordination and of the muBCular sense. 

(1) The Exact DiSTHiBUTioy of the Pakaltsis. — The diBtri- 
butioQ of the paralyeia, which can often be roughly determined by ob- 
serving the attitude and gait of the patient, is accurately ascertained by 
testing hia capability of oxj^cuting muscular movements; by noting the 
movements which are wanting, or which are imperfectly performed, «e 
can, provided of course wo know the muscle concerned in the production 
of the movement, determine the muscles which are at fault. The exact 
distribution of the paralysis gives important information as to the posi- 
tion of the lesion in the cord, The paralysis is, therefore, to eome ei- 
tent a localizing symptom. 

Tlte Motor Functions of Individual Segmenta, — In examining the 
condition of the motor functions of the spinal cord, it h important for 
scientific purposes, or where great accuracy in localization and diagncsi.' 
is required, to examine the motor condition of individual segments b; 
observing the condition of the muscles which they supply. 

The motor functions of the different nerve roots {t. e., of the different 
segments) of the cervical and lumbar enlargements are, according to 
Ferrier and Yeo, Paul Bert and Marcacci, aa follows: 

FuticUons of tlte nerve rootn of the cervioal enlargement (according to Protes- 
aors Ferrier and Yeo, from observatioDS made on monkeyB). 

Fourth ctruieal — Flexion of the forearm, with Bupination and extension of the 
wrist and fingers, tlie upper arm raised upwards and backwards. 

Fifth cervteal. — Movement of the hand towards the mouth, viz., mtsing the 
upper arm inwards, flexion ut the forearm with supination, and extension at the 
wrist and ftngers. 

Sixth cervical. — The movement of 'attention,' viz.. adduction and retraction 
of the upper arm, extension of forearm, pronation and flexion of wrist, the palm 
of the hand being brought townnU the pulies. 

Seventh cervical. — The scalptor ani action, viz,, adduction and rotation inwards 
find retraction of the upper arm, extension of the forearm and flexion of wriet 
and llngere so as to bring the tips against the flank, 

Eiffhth cert-ical. — Closure of the fist with pronation by ulnar flexion of wrist, 
retraction of the arm with extension of the forearm. 

First dorsal.— Action of the intrinsic mnsciea of the hand, musclee of b 
thumb, iutercissei. etc. 

Funetiotu of the neroe roots of (As titiiUxir valargtvnent (according to Protes- 
Bors Ferrier and Yeo, from observations made on monkejrs; and U. M. Paul Beri 
and Morcaoci, from observations made on cats and dogs). 

FSnt lumbar, —Determines contraction of the sartorius. rectns, and P^l^^^l 

i whichflex the hip upon the trunk. (P. B. and M.) ^^^| 

Second lumbar. — Excites contraction of the anterior portion ol th« vaatiUf^^^H 
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tcraaa, apart of the tensor of the fascia lata, and the vastus i 
mllsclM which extend the leg or the thigh. (P. B. and M.) 

rAmlluwhar.— Similar to that of the second, with some differences in detail. 
It excites |>art, of the Tastua externus and the anterior part of the biceps, whicli 
is an extensor, while the posterior portion is a flexor, (P. B. antlM.) 

According to Ferrier and Yeo, atimulatiun of the third lumbar in the monkey 
causes flexion of the thigh and extension of the leg. 

Fourth lumbar, according to M.M. Paul Bert and Marcacci, causes in tlie cat 
and dog movements in the posterior part of the biceps, tlie serai- tend inoaus, and 
Ihesemi-inerabranoeuB (flexors of the leg or the thigh), the second and third ad- 
dnctors of the thigh and the extensors of the thigh. It thus innervates three 
kinds of movements which are in no respect oppoeed or contradictory. 

According to Professurs Ferrier and Yeo, irritation of the fourth root in the 
miinkey causes extension of the thigh, extension of the leg, and pointing of the 
great toe. 

Fifth roo(.— M.M. Paul Bert and Marcacci find that in the dog and cat the fifth 
root prcaideeover the movements of the tail. According to Ferrier and Yeo. irri- 
tatioQof the fifth root in the monkey produces; — Outward rotation of the thigh, 
fiexion and inward rotation of the leg, plantar flexion of the foot, and flexion of 
the distal phalanges. 

First sacral. — Flexion of the leg, plantar fiexion of the toot, flexiiui o( all the 
toes at the proximal phalanges, and also of the distal phalanx of Ihi: haUux. (F. 
and Y.) 

Second Microl. — Action of the intrinsic muscles of the foot, viz., adduction and 
flexion of the hallux, with flexion of the proximal ptmlangee and extension of the 
tbe distal. (F. and Y.) 

(2) The Amol'nt (Degree) op the Paealtsls.— Whefe tlio par- 
alysis is complete, all muscular morement is, of course, iibsont. In in- 
complete puralyais (paresis), the amount of motor impairment is 
measured by observing the amount of force which the paralyzed muscles 
are capable of exercising. In estimating the force of a muscle in this 
manner, the movement which it is made to execute slioukl resemble, so 
far as possible, the movement which it ia normally in the liabit of ex- 
ecuting. In measuring the force of tiie csilf muscles, for example, 
jumping on tip-toe is, aa Dr. Gowers points out, a better test than the 
degree of force which can be exercised in oppc^ition to passive dorsi- 
ftexion of the foot. The dynamometer (see fig. 72) is a ready means of 
estimating the exact force of the flexor muscles of the fingers (grasping 
power). 

The strength of the other muscles is ascertained by observing : 
(!) the foriie with which voluntary movements are executed, and (2) 
the amount of resistance which can be offered by the patient to passive 
movements made by tlie physician. In cases of one-sided paralysis, the 
standard of comparison is the motor force of the corresponding muscles 
on the healthy side. Where the paralysis is bilateral, the amount of 
motor power must be compared with that of a healthy individual ; it 
must, however, be remembered that where another individual is taken as 
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the standard of comparison, his mnecukr development should raaeaiblei 
aa much as possible, tho muscular development of the patient prior to 
the onset of the pariUysis. 

(3) The Tkophic Condition of toe Mcscles. — In some cases of 
spinal paralysis tlie rausolea undergo 'rapid atrophy;' in other cas?s 
their state of nutrition is well preserved ; in others again, they are 
moderately wasted. The trophic condition of tho paralyzed muscles 
depends upon the position of the lesion. Where the leaiou is aituat**! 
above the trophic nucleus (the multipolar nerve cells of the anterior 
cornu), the paralyzed muscles may be well nonrished. or moderatelj 
wasted (atrophy of disuse). Where the multipolar nerve cells are acutely 
destroyed, or where their trophic influence is suddenly shut off by leajons 
of the anterior roots or peripheral nerves, ' rapid atrophy ' results. 
Gradual destruction of the multipolar nerve cells ia attended with grad- 
aal but progressive atrophy, which may ultimately become extreme. 

(4) The Irbitability op the Muscles. — The faradic, galvanic, 




and mechanical irritability must all be tested. In order that this part 
of the subject may be thoroughly understood, it will now be necessary 
to describe the manner in which the electrical condition of the muscles 
is to be ascertained. 

PEACnOAL DIBECTIONS AS TO THE MODE OF APPLTINO ELECTBICITY 
IN THE DIAGNOSIS OE OASES OF PAKALY8IS.' 

1. See that the battery is in working order. Firmly attach the rheo- 
phores to the binding screws (I, I, fig. 73) ot' tho battery and to the 
electrodes. Thoroughly moisten the electrodes. See that the inter- 
ruptor (G) is in the proper position. Place the required number of cells 
into action by means of the handle shown on the dial (E). Try tho 

I Space does not enable me to go into any degree of detail with regard to this 
part of the subject. In the courBs of le<cturea of which this work ia onlj a 
small part, the subject of Electricity wai fiiliy considered. 
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eSe«ct of the current on your own person before applying it to the pa- 
tient ; the ball of the left thumb is the most convenient site ; caro must 
be taken that the electrodes and the portion of akin to which they are 
applied are thoroughly moist. If there ia any doaht as to the battery 
acting, t. e., aa to a current passing, the electrodes may be applied to the 
tip of the tongue, but a very weak current must be used for this pur- 
pose. 
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2, Ma!ce the skin a good amductor. — In order that the cnrretit may 
reach the miiaclea and nervoa, it is necessary to thoroughly moisten Lhose 
jiortions of the akin to which the olectrodea are to be applied, for the 
dry skin is an extremely bml conductor of electricity. The skin should 
be thoroughly sponged with warm water, holding a small quantitj- uf 
a salt in solution. 




3. Thoroughly moisten the electrodes. — In using electricity for diagnos- 
tic purposes, the ' mobile ' electrode (i. e., the electrode which is applied 
to the muscle or nervo which is being tested), should be moistened before 
eavh application, and the 'stabile ' electrode should also he kept moist. 

4. Apply the electrodes. — For diagnostic purposes the 'polarmetl 



th^^ 



strodcs should always be adopted. The pola 

- is as follows : — A large flat electrode is couuected with one of the rheo- 

"^^^-ftnB phorea, and ia upplied over u dlstiint mid neutral part, such as the man- 

I nlirium sterni, the front of the abdomen, or the cervical Hpines ; the 

lothsr electrode (for diagnostic purposes Bennett's or Wvllie'a electrodea, 

1 which permit of interruption or reversal of the current by a simple 

\ motcraent of the thumb or fioffcr, and without having rueourBe to the 

inlerraptor' of the battery or element board are beat) is then applied 

I nnr the muscle or nerve trunk which is to be tested. By this means 

[ the action of the two poles (a moat important point iu the diagnosis of 

I soma casea of paralysis) can be readily distinguished. 

The condition of the paralyzed muscles and nerves to botli forms of 
I oorrent should then be carefully and methodically tested. 

If it is desired to throw the whole muscle into action or to act on the 

I mascle through its nerve, the peripheral electrode should be placed over 

Itat part of the muscle where the motor nerve enters. This point 

Is called the motor-point. In the Following plates, copied from Von 

I ZiensseQ, the position of the chief motor points is shown. ' 



U. 



ItolirFoinlioflh^ fa ce nnd mck. ■ 

' Dr. Buzzard stales {Lancet, Jan. 33, 18S1) that the position of the motor point 
does not always correspond to that given ia boolia, It may be neceasarv. there- 
fore, to move the electrodes from pmat to point until the situation of the motor 
oint is Rec^rlalned. 
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In nsing the faradic (interrupted) current the polar method ia Dot so- 
importunt. It should, however, always be employed where great accu- 
racy in diagnosis ia required. In using this form of current (the inter- 
rupted ) for the purposes of treatment, both electrodes may be placed a( 
a short distanre from each oilier over the muscle to be acted upon. This 
method is less painful than when they are wide apart. 

The Use OF Electricity as a DiAOjfoaTic in OAaEsop Paraltsis. 
— In many cases of paralysis electricity aBords moat important diaguos- 
tic information, for, as Dr. Hughes Bennett forcibly points out,' it 
enables us to determine with exactitude the anatomical condition of the 
affected mnectea and nerves. Bnt In order that this and the other points 
connected with the diagnostic uses of electricity may be thoroughly 
understood, it will be necessary to consider the effects which it producea 
ou healthy and diseased muscles and motor nerves respectively. 

The Action of Electricity on IIealtuy Muscles and Motor 
Nebves. — The more important effects which are produced by the appli- 
cation of electricity to healthy muscles und motor nerves, are set forth 
in the following propositions: — 

(1) Electricity has the property of exciting the functional activity of 
healthy musclesand motor nerves, the result of which is to produce mtis- 
calar contractions. 

(2) With cnrrenta of moderate strength, muaonlftr contractions ape 
only produced when alterations occur in the strength of the current, i. e., 
when the current is made or broken, or when its strength is suddenly 
diminished or increaseJ. (With very strong currents, the occurrence of 
itlterations in the strength of the current ia not necessary for the 
production of contraction, a point which will be again referred to 
presently.) 

(3) The strength of the muscular contractions, produced by electri- 
oity. depends (other things being equal) upon the strength of the cur- 
rent, and the rapidity of the interniptions; in other words, the stronger 
the current and the more rapid the alterations, the more forci'de the 
muscular contractions. 

(4) In health the contractions are short, sharp, and sudden; and the 
effects produced by stimulating the motor nerve and the muscular fibres 
directly (t. c, the peripheral electrode being applied over the body of the 
muscle, and not over its motor nerve) are identically the same. This ia 
due to the fact, that it is impossible to stimulate a healthy muscle with- 
ont at the same time stimulating the motor nerve-endings which it con- 
tahiB ; in short, observers are now agreed that the contractions which 
result from direct stimulation of a healthy muscle are due tn stimulation 
of the motor nerve endings. 

' Eltctro-Diagitoau, page i. 
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(5) Since the functional activity of muscles and motor nerres is 
_only exoitf>d when changes occur in the strength of the electric cnrrent, 
t follows : — 

(a) That in the case of the interrupted or faradic current (in which 
a variation of strength occurs with each interruption), a rauecnlar con- 
traction will accompany each break in the current, anil since the inter- 
ruptions produced by the automatic interrupCor follow one another with 

f extreme rapidity, an apparently continuous contraction or tetanic con- 
Utiou will result whenever the electrodes are applied. 

The Htrength of the contractions produced by the interrupted cur- 

' Tent varies directly with the strength of the current and the rapidity of 
the interruptions. Very weak currents do not produce contractiona. In 
health, the effects which resull from the application of the fanidic or 
interrupted current to the motor nerve and to the muscle itself, are 
identically the same. 

(b) That in the case of the continuous current, muscular contractions 
will not occur so long as the current strength is constant, i. e., so long as 
the current is passing, but only when it is made or broken, or when 
sudden variations in its strength occur. This statement only applies to 
ourrenta of moderate strength, for with very strong currents a con- 
dition of tetanus is produced during the whole time that the current ii 
passing. 

The effects of the continuous current are not, however, so simple aa 
this statement would imply, for they vary with the relative position of 
the poles and with the strength of the current. 

Since there are two poles (the anode or positive, and the cathode or 
negative), and since muscular contractions may occur on making or doe- 
ing, and on breaking or opening the current, it follows that there are 
four possible forms of contraction, viz. : — 

(A. When the negative pole is on the muscle or motor nerve, i 
positive pole on the distant or neutral point.) 

1. The contraction which occura on closing=the cathodal cloa 
contraction C.C.C. 

2. The contraction which occurs on breaking or opening = cathodal 
-opening contraction O.O.C, 

{S. When the positive pole is on the muscle or motor nerve, 1 
negative pole on the distant point.) 

3. The contraction which occurs on closings an odal closing coutn 
tion A.C.C. 

4. The contraction which occurs on opening— anodal opening contrac- 
tion A.O.C. 

These four forms of contraction occur in a definite order with c 
rents of increasing intensity, viz. : — 
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2. A.C.C.' 

3. A.O.C.' 

4. C.O.C. 

As the current strength increases so does the intensity of each con- 
traction. We may, therefore, represent the character of the contractiona 
with e gradually increasing strength of current as follows : — 

1. Very ffpble current. No contraction either on opening or closing 
with either pole. 

2. IKeflfc current, CCC. 

3. Somewhat stronger cwrrent, C .C .G' . 4- A.C.C. 

4. Still stronger carroai, C"C"C" + A'.C'.C. + A.O.C. 

5. Very strong current, C"'0"'C"' {cathodal tetanus) + A"C"C" 
+ A'O'C. + COG. 

In hralth, then, constant or galvanic currents of moderate strength 
only produce contractiona when their strength is suddenly altered (i. e., 
when the current is made or broken); the contractions which reault 
from the application of the current to the motor nerve or to the 
muscle itstilf, are identicaily the same, and appear in a definite ' polar' 
order, the cathoilal closing contraction being the first, auil the cathodal 
opening contraction the last to be manifested. 

The effects of elEctbicity oN diseased ucscles akd motob 

XBBVES. 

The alterations which o 
qualilalive in character. 

It may be stated as a general rulo that, when the nutritive condition 
of the paralyzed muscles and nerves is not profoundly altered, qoantita- 
tive alterations are done observed; when, on the contrary, the trophic 
condition of the paralyzed muscles and nerves ia profoundly modified, 
qualitative alterations appear. In other words, in those cases of [taraly- 
sia in which the trophic nerve nuclei, motor nervea and motor nerve 
endings are healthy (i. e., not degenerated or destroyed), the electrical 
alterations are merely quanliiafive; when, on the contrary, the trophic 
nerve nuclei are destroyed, when the trophic nerve influence ia shut off 
from the muscles by severe lesions of the peripheral nerves, when, in 
short, the peripheral motor nerves and the motor nerve endings are 
degenerated, qualitative alterations in the electrical reactions, to which 
the term ' reaction of degeneraUoH,' has been applied by Professor Erb, 
appear. 

' The A.C-C. and A.O.C. often appear simultaneouHly. SometimcB thr A.O.C. 
appean before the A.C.C. 

* Dr. de Watteville points out that the occurrenca of AOC is determined not 
only liy the strength of tlie current, but also hj the time the current hoa been 
flowing through the nerve before it is broken. 
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It is necessary in the next place, therefore, to consider the exact 
iture of these quantitativo auJ qualitative alterations; and in order that 
ithey may be correctly appreciated at the bedside, it is essential to test 
;*eparately and in detail the electfical condition of the paralyzed muscles 
I motor nerves to botli forma of current, and to observe ; — 
A. The electrical relation which is produced by the faradic or inter- 
rupted current wh-'U the peripheral electrode is placed upon : — 

(a) The motor nerve trunk which supplies the paralyzed muacles, or 
the motor ner\-e point of the paralyzed muscle which is being tested. 

(b) The paralyiied musule itself (i. e., when the electrode is applied 
to parts of the muscle other thau that one at which the motor point 
is situated). 

In testing the condition of either the paralyzed muscles or nerres 
with the faradic or interrupted current, the following points must be 
noted: 

(1) Whether a muscular contraction is produced or not. 

(2) Jfa contraction is produced, what is t/ie minimum strength 0/ 
.wrrent required to produce it; and whether the character of the contrac- 
tu is in any way altered from the normal. 

In order to ascertain whether the contraction is normal or not, the 
effects which the same strength of current produces ujron the corre- 
sponding muscles and motor nerves of the opposite side of the body is 
the befet poaeible etandard of comparison. In making comparative ob- 
servations of this description, it is essential to take care that all the con- 
ditions, more especially the strength of the current, the position of the 
electrodes, the amount of pressure applied to the electrodes, tlie degree 
of moisture of the skin and of the electrodes, the position of the limbs, 
and the tension of the muscles which are being tested, are, so far as is 
possible, identically the same. 

When the paralysis is bilateral, a healthy motor nerve and healthy 
muscle in the same individual must be taken as the standard of com- 
parison, and it is of special importance to select a muscle and nerve which 
yield, eo far as possible, the same electrical response as the paralyzed 
muscle or nerve would yield if it were in a condition of health. 

The relationship of the muscles and nerves to the surface, the amount 
of fat, etc, which covers them, produce important dilferences in the 
facility with which the electric current reaches them; deep-seated mus- 
cles and nerves require to be stimulated by a niucli stronger current tliaji 
superficial ones, iu order that the same amount of contraction may be 
produced. Again, in many cases of paralysis the vaso-raotor conditions 
of the skin are jirofoundly altered, and the resistance to the passage of 
the electric current is in some cases diminished, in others materially in- 
creased. All of these differences are of importance when it is necessary 
to make very accurate comparisons, as, f-jr example, in cases of paralysis 
following railway injury. In all cases where careful compftratiTe oba 
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TStions are required, it is neccBsary, aa Erb and de Wattovillo have 
pointed out, to measure, by means of the galvanometer, tho amonnt of 
resistance which the electricity meets with in passing through the skin 
aud superficiul tissues. 

(3) JTie strength of current, and the rapidity {tohelfter slow or qu ick) 
of the interruptions required to produce the maximum amount of muscu- 
lar contractions. 

B. The electrical reactions by the galvanic or contiQUous current 
when the peripheral electrode is placed upon: — 

(a) The motor nerve trunk which supplies the paralyzed muscles, 
or the motor nerve point of the paralysed muscle which is being tested. 

(b) The paralyzed muscle itself {/. c, when the electrode is applied to 
parts of the paralyzed muscle other than tliat one at which the motor 
nerve jwint is situated). 

In testing the condition of either the paralyzed muscles or nerves 
with the galvanic or continuous current, the following points must be 
noted: 

(1) Whether a muscular contraction is produced or not. 

(2) If a contraction is produced, {a) what is the minimum strength 
tf current required to produce it; (6) the order of the polar reactions; 
(«) the character of the contractions, whether htalthy or not; {d) the 
strength of current required to produce tetanus; (e) whether the contrac- 
tions are more easily excited hy slow or quick interruptions of the current; 
in other words, the observer must' satisfy himself whether the contrac- 
tions produced by the continuous current when applied to the motor 
nerve and muscle respectively, are iu any way different from the normal. 
Comparative observations with a healthy standard must be made in the 
same systematic and careful manner which has been described above. 

QUANTITATIVE ALTEBATIONS. 

In many cases of paralysis the electrical reactions are either normal, 
or present a simple increase or simple diminution, a weiikcr or a stronger 
current being required to produce contractions than in health, but all 
the other characteristics, such as the order of the polar reactions, the 
effect of the current on the motor nerve and on the muscle itself, being 
the same. Quantitative electrical alterations, unless well marked, are of 
little value ns posilii-e evidence of the esistence of paralysis: but grant- 
ing that paralysis is present, they may afford very important information 
as to tho seat of the lesion, and also for the purposes of prognosis. So 
long ua the paralyzed muscles and nerves respotid to electricity, and so 
long as the electrical changes are merely quantitative in character, we 
know that profound degenerative changes, such as result from destruc- 
tion of the trophic nerve nuclei, or shutting off of the trophic influence. 
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L the result, for instance, of a severe peripheral nerve lesion, are not pre;- 
I ent. 

I Xorinal electrical conHitions. — In the earlier stages of those cerebral 

I and spinal paralyses iu which the lesion is situated above the trophk 

I nucleus, the electrical condition of the paralyzed muscles may be normil. 

I After a time when atrophic changes begin to occur, simple diminotiofi 

appears. Normal electrical conditions are also seen in many cases of 90- 

called fnnctional paralysis, and iu some cases of peripheral paralysis, in 

which the lesion is so slight that it does not shut off the trophic ioAu- 

ence, t, e., in those forms of peripheral paralysis in which the rapid form 

of atrophy does not occur. 

Simple diminution.— "Vha only alteration from the normal is that a 
stronger current (galvanic and fiiradic) is required to pralnce a contrao 
[ tiou both in the paralyzud muscle and its motor nerve. This form of 
I alteration occurs in most cases of cerebral iind spinal |ianilysis in which 
I the lesion is situated above the trophic nvdeus. Simple diminution no- 
companies the slow and moderate form of atrophy which occurs in such 
[ cases. The amount of the decrease corresponds to the amount and stage 
of the atrophy. In the later stages of very chronic cases, the electrical 
contractility of the paralyzed muscles may have almost entirely disap- 
peared. Simple diminution is also seen in many cases of slight peripheral 
paralysis in which the lesion is not sufficiently severe to shut o9 the 
trophic influence of the trophic nerve nuclei: it is also seen in many cases 
of so-called functional paralysis. 

Simple increase. — In this condition, which is rare, a weaker current 
than in health (either galvanic or faradic) applied to the paralysed 
muscle and its motor nerve, produces muscular contractions; but the 
character of the contractions, and the sequence of the polar reactions, 
etc., are normal. 

Simple increase must be carefully distinguished from the increase of 
galvanic irritability, which is one of the most characteristic features of 
the ' reaction of degeneration.' 

Simple increase occurs in the earlier stages of some cases of hemiplegia; 
and in some cases of spinal paralysis, in which irritative (spastic) pht 
mena are present, but in which there is no muscular atrophy.' 
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Quahtative alterations, to which Professor Erb has given the term 
'reaction of degeneration,' only occur when profound stnicturul altera- 
tions are present in the motor nerves and muscles. In consequence of the 
fihutting off of the trophic influence of the multipolar nerve cells of the 
' In most cases of spastic paralysis which I liave had an opportuniij- of 
' ining, there was simple diminution instead of simph 
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anterior cornua of the spina! cord. These cbaogeB are seen in their most 
tj-pical form in thoae cases in whicli the whole or the greater part of the 
nerve tubes, comprising the motor nerve, and the whole or the greater 
part of the muscular fibrea of the paralyzed muscles are u ad ergoiog acute 
degenerative changes. And since alterations of this description in the 
motor neryes and paralyzed muscles result either from acute destruction 
of the multipolar nerve cells of the apiaal cord, or from severe peripheral 
lesions of the motor nerve trunks, typical reaction of degeneration is & 
condition of great diagnostic value. 

The alterations, which constitute the ' reaction of degcuerstion,' are 
as f ollowa : — 

1. With the development of the degeneration of the nerve, the elec- 
trical escitability o/'Mfl nerve (both to the galvanic urid faradic currents) 
diminishes, and at the end of about a fortnight, wbi^u the descending 
degenerative changes in the nerve tniuk are established, ceases alto- 
gether. 

8. The rapidly interrupted (taradic) current ceasea at the end of a 
fortnight to cause musQular contractiona ivlien applied directly to the 
muscle; for the motor nerve endings in the muscle, stimulation of which 
is, aa we have previously seen, the cause of the contractions which result 
in health from direct stimulation of the muscle by the faradic current, 
are degenerated; the muscular fibre itself does not respond to currents of 
momentary duration such as the faradic. 

3. During the first ten daya or ao, there is simple diminuHoii of the 
contractility produced by the galvanic atlmulation of the muscle ; the 
excitability of the muscle to alowly interrupted galvanic currents then 
inereanes. 

i. The following qualitative changes arealao observed: — The sequence 
of the polar reactions is altered, the anode taking the place of the 
cathode. The order of appearance of the polar reactions ia therefore : — 



1. A- C. C. 

2. C. G. 0. 

3. C. 0. 0. 

4. A. 0. C. 



1. C. C. 0. 

3. A. C. C. 

3. A. 0. C. 

4. U. 0. C. 



5. The character of the contractions is modified ; instead of being 
short, sharp, nnd sudden, they are alow in appearing, prolonged in du- 
ration, aud apt to become tetanic, even when produced by weak cur- 
rents. 
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m np then, when the 'reaction of degeneration' ia present, the 

stimulation of the muscle produces contractions more easily 
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"than in health; the contractions arc more readily escited by sIowIt 

interrupted than by quickly interrapted currents, and their character, 

and tlie sequence of the polar reactions, are at the same time altered. 

This increase to the slowly interrupted continuous current occurs at s 

L time wlien stimulation of the nerve {both by the galvanic and faradic cnr- 

I Tents) and of the muscle by the faradic current produces no contraction. 

The increased excitability of the muscle to the galvanic current con- 

Itinues for a longer or shorter period in different cases. In incurable 

l«aseB, after twenty or thirty weeks it gradually declines, and flnallj 

8 (see fig. 87); then the muscle, like the nerve, ceases to respond to 

all forms of current. In cases which recover, the increased galvanic ki- 

citability may last for some weeks or even months, it then gradually 

diminishes, and the normal reactions reappear. (See figs, 85 and 80.) 

' It is important to remember that in cases which slowly recover, the 

I power of producing voluntary contractions in the paralyzed muscles is 

I regained before artificial contractions can be produced by applying either 

I the continuous or the interrupted current to the motor nerve, in fact, in 

f aome cases it is impossible, even when the paralysis has to a large eitent 

I disappeared, to produce any contraction by means of electricity applied 

to the motor nerve trunk. The following diagrams, taken from Erb, 

illustrate the course and duration of the 'reaction of degeneration ' in 

4iffereut cases. 
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An imperfect of partial form of the 'reaction of degeneration' ia met 
with in progresBive mnscalar atrophy, gloaao-labial paralysis, aud some 
other conditions in which the trophic nene iufiuence of some of the 
mnStipolar nerve cells is interfered with, and in which Bome only of the 
nenre tubes and muscular fibres are degenerated, others being healthy. 

It ia obvious, that on stimulating a nerve or muscle, some of the fibres 
o( which are healthy and others degenerated, that the electrical reactions 
both of health and disease will be obtained, the net result may be some- 
what complicated, and will depend upon the relative proportion of the 
diseased and healthy tiasuea. When, for instance, half the multipolar 
nerve cells of the anterior comu of a spinal segment are degenerated, half 
the nerve tubes connected with that segment, and half the muscular 
fibrea supplied bj that segment, will degenerate. 

Now on Btimnlating the motor nerve trunk supplying the affected 
muscle, the degenerated nerve tubes fail to respond to either form of 
current (= the ' reaction of degeneration '), but the healthy nerve tubes 
do reapond, and muscular contractions do result, the only difference 
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from the normal being that the couti-action is less forcible and vigorous 
than in health, for only half the muscular fibres are able to take part in 
its production. In the second place, the direct application of the faradit; 
current fails to produce contractions in the degenerated mascLtlar fibres 
(='the reaction of degeneration'), but it does produce contraction in 
the healthy fibres which remain, so that the net result is a muacukr 
contraction which only differs from a normal contraction in the favt that 
it is less forcible than in health. In the i/iird place, the direct applica- 
tion of the galvanic current to the degenerated muscular fibres produces 
contractions more readily than in health, the polar sequence is altered 
and the character of the contractions is modified (= * the reaction of de- 
generation'); hut the direct application of the galvanic current to the 
healthy muscular fibres produces the normal healthy reaction. The net 
result depends upon the proportion of diseased to healthy muscular 
fibres, 

In the imperfect form, therefore, of the ' reaction of degeneration,' 
such as is met with in progressive muscular atrophy, muscular contrac- 
tions can be produced by the application of the faradic and galvanic 
currents to the nerve trunk, and by the direct application of the faradic- 
current to the muscle, but such contractions uro less forcible than in 
health, and less evenly distributed over the ailocted muscle. It is im- 
possible to conclude, therefore, from the application of the galvanic and 
faradic currents to the nerve trunk, and of the faradic current to the 
muscle, that the ' reaction of degeneration ' is present ; but the direct 
application of the galvanic current to the muscle excites contraction* 
more readily than in health, the 'anodo' tends to take the place of the 
' cathode,' and the contractions to assume the characters which are seen 
in the 'reaction of degeneration' when typically developed. The extent 
of these qualitative galvanic changes varies directly with the extent of 
the lesion and the condition of the muscnlar fibres. 

Another partial form of the ' reaction of degeneration ' has been ob- 
served by Kemak and Erb in subacute atrophic spinal paralysis. Id the 
case observed by Erb, ' every kind of direct and indirect excitation of the 
muscles, even instantaneous stimuli, invariably produced sluggish con- 
tractions. This,' as Prof. Erb states, 'is uanally not the case with par- 
tial E.D., such contractions occurring only upon direct galvanic excita- 
tion of the muscle ; its faradic excitation, like its indirect excitation by 
either current through the nerve, yields only the normal rapid, short- 
lived contraction. Bnt all this was altered in our case." 

To this peculiar partial form of the reaction of degeneration Bemak 
has given the term 'faradic R.D. 'j Erb proposes to call it * the partial 
K.D., with indirect slow contraction.' 

The Clinical significance of the reaction of degeneration. — The ' reac- 
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tion of (iegeneration ' occurs in its moat typical form in aev ere peripheral 
{wrulyses, and in those cases in which the trophic nerve nuclei are 
rapidly destroyed; it is therefore met with in polio-myelitis anterior 
acuta, and acute myelitie involving the anterior cornu. In tmnsverae 
myelitis it is, of course, only observed in those muscles supplied by 
ncrrea arising from the affected segment. (See fig. 50, page 51. ) 

MECHANICAL IBRiTABILITY. 

The mechanical irritability is tested by tapping the paralyzed 
muscles with the tips of the finger, the side of the hand, or a percussion 
hammer. 

As a rule, the mechanical excitability of paralyzed rauacles is 
lowered. 

Increased mechanical excitability occurs : — (1) In those caries in 
which the electrical (galvanic) excitability is in excess, i. e., where the 
' reaction of degeneration ' ia well marked. According to Erb the in- 
creased excitability to mechanical BtJmnli appears in these cases later 
than the increased excitability to galvanic stimuli. 

(2) Where the deep reflexes are excessive, as in cases of lateral scle- 
rosis. Here the increased excitability is probably of reflex origin; though 
it may possibly be due to perverted nutrition of the reflex centre (('. e.,tb6 
large nerve cells of tlie anterior cornua). 

(5) Thk Tonicity of the Muscles.— In cases of spinal cord dis- 
eaiie the tonicity of the muscles may be normal, diminished, or increased. 

Flaccidily or Diminished Tonicity. 

It may be stated as a general rule, that flaccidity occurs in those cases 
in which the ])aralyzed muscle is atrophied. Exceptions oecasionally 
occur — where, for example, rigid muscles become atrophied, a combined 
condition of tension and atrophy may for a time, at least, be present, as 
in amyotrophic lateral sclerosis, 

Flaccidity, therefore, occurs in those spinal diseases in which the lesion 
involves the anterior cornna. It is also met with in many functional 
derangements, iu mild cases of myelitis, and in severe cases of myelitis 
prior to the onset of secondary deseending degeneration. 

Jligidily and Tension {increased Tonicity). 

Bigidity and tension occur in those casesof spinal cord disease in which 
there is irritation of motor nerve tissue. The irritation may be direct 
or reflex. Possibly in some cases it (the rigidity) is dne to arrested 
cerebral control. Other irritative phenomena, such as twitchings. tre- 
mors, cramps, spasms, contractures, are often afisociated with the 
increased muscular tension. 
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Olinicaily, rigidity and tenHJoii are met with in the following affec- 
tions : — 

(1) Meningitis. — Here the rigidity may reenit from (a) direct irrita- 
tion of the anterior (motor) roots; (b) irritation of the posterior (sensory) 
roots, and resulting reflex spasm ; (c) increased excitability of the gray 
matter of the cord. 

(2) Sclerosis of the pyramidal tracts (primary lateral sclerosis, and 
aecondary degenerations). — The exact manner in which leaiona of the 
crossed pyramidal tracts cause tension in the muscles is still undeter- 
mined. Some authorities suppose the rigidity is due to diminished or 
arrested cerebral control, and to the increase of the reflexes (especiallv 
of the deep reflexes) which results therefrom. Others thiuk that irrita- 
tion of the motor fibres in the pyramidal tracts is produced by the pro- 
cess of secondary descending degeneration, the irrritation being propa- 
gated to the multipolar nerve cells of the anterior cornua, and thence to 
the mnscles. Both explanations are probably correct. 

(3) In some cases of hysterical paraplegia the muscles are rigid, the 
deep reflexes are increased, in short, the condition exactly resembles the 
spastic paraplegia of organic disease. 

The distribution of the rigidity. — In cases of meningitis, the flexors 
are, as a rule, chiefly involved ; the thigh, for example, is flexed on the 
abdomen, and the leg on the thigh. In lateral sclerosis the extenaore 
are most affected ; in advanced cases the patient lies in bed with the legs 
rigidly extended, the thighs adductod, and the feet inverted; in the 
earlier stages he is able to walk with the help of sticks. The term spas- 
tic or epaamodtc paraplegia is usually given to these cases. ^^ 

Fibrillary twitchingx or tremors. ^^B 

Fibrillary twitciiings are produced by the contraction of individual 
muscular fasciculi. The skin covering the muscular fibre appears 
suddenly raised and stretched as if a thread were made tense beneath 
it. The patient is generally conscious of a ' quivering ' sensation in the 
affected part. 

Fibrillary twitchings were formerly thought to be pathognomonic of 
progressive mascular atrophy. It is now known that they occur in many 
other conditions. They are seen in some cases of hypochondrias! a, in 
which the patient gives great attention to his limbs, believing that he 
is the subject of spinal cord disease. As Professor Charcot points out. 
these patients are usually medical men or medical students. Fibrillary 
twitchings are also observed in cases of functional disorder associated 
with ' irritable ' weakness of the spinal cord. They are seen in all cases 
in which motor nerve tissue is undergoing destruction, but especially 
where motor nerve cells are being slowly destroyed. Fibrillary twitct- 
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ings occur therefore in many different forms of spinal disease. They 
are constantly met with in progressive muacnlar atrophy.' 



Id manycaeea of atrophic paralysis apermancnt condition of shorten- 
ing and consequent deformity results, to which the term contracture is 
applied. In some of these cases, the rigidity depends upon cirrhosis of 
the affected muscles (atrophy of the muscular fibres, the production and 
subsequent contraction of fibrous tissue). In others the contracture is 
dne to unrestrained action of one set of muscles, their opponents beiug 
paralyzed. Mechanical pressure on paralyzed parts may also aid in its 
production. Oontractures are common as the result of infantile 
paralysis, 

(6) The coxDiTiON OF theHeflex Movements. — The examination 
of the reflexes is a most important means of ascertaining the condition 
of the segment through which the reflex passes. 

PernisieacB of the refiexes. — The prvsence of a reflex in uny segment 
shows that the reflex path is still open, i. e., that there is no serious dis- 
ease in that portion of the segment through which the reflex impulse 
travels. 

The presence of a reflex in any segment does not, of necessity, show 
that there is no serious disease in the segment. The postero-intornal 
colnrons, thelateral columns, aud the columns of Tflrck, may, of course, 
be absolately destroyed without any injury to the reflex track. 

The afiacnce of a reflex in any segment does not nfcestarili/ prave 
that the segment is diseased ; for the reflexes are sometimes absent as a 
physiological idiosyncrasy, and in most healthy individuals it is difficult 
or impossible to demonstrate the gluteal, epigastric, and inter-scapular 
skin reflexes; the ankle clonus, however, is never present except in dis- 
ease. Again, the reflex imjuilse may be ' blocked ' outside the cord as 
the result of lesions of the centrifugal or centripetal fibres of the reflex 
arc. Possibly, too, the cerebral control may sometimes be so excessive 
a« to completely inhibit the refle.i movements. 

Abolition of the reflexet. — Spinal lesions which destroy the posterior 
roots, jiostero-extei'ual columns, that portion of the gray matter through 
which the reflex travels, the anterior root-fibres, or the anterior roots, 
will OBUse a break in the reflex arc.' 

' I do not mean to imply that ftbrillary ttvitcliingB can always be seen on 
<rasuaJ observation of a cose of progressive muscular atrophy. They will, I think, 
always be noticed during the active period of the disease, provided that tlie 
affected uiuwli is observed for a sufficiently long period. Exposure of the 
affected part, or gentle irritation,of thu muscle, such as stroking the skin, some- 
Liin*^ excites the contraction. 

' It le possible tliat the superficial reflexes pass directly into the posterior horn 
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Indiacriminate lesions may involve any of llieao parts, and may there- 
tom produce abolition of the- reflex movements. The system lesions, in 
which the reflexes are aljolished, are locomotor ataxia (Bcleroaia of the 
poBtoro-exteriial columns), polio-myelitis anterior acuta, and progressive 
muscular atrophy. In the two latter affections tho reflexes are only 
completely abolished when all of the multipolar nerre cells of the affected 
fiegment are deatroye'i. (See figs. 5.^ and 56.) 

Exaggeration of (he reflexes is, in the great majority of cases, due to 
disease of the lateral columns, and is usually associated with secondary 
descending degeneration. It may, however, result from increased oi- 
citability of the gray matter. 

It is important to remember that disease of the lateral columns of 
the cord usually produces exaggeration of both forms of reflex move- 
ment (superficial and deep). In cerebral lesions, on the contrary, the 
deep reflexes are exaggerated, but the superficial reflexes are diminlBhed 
or abolished. 

In some cases of spastic p:Lral7siH in which the deep reflexes are in marked ex- 
cess, little or DO movement results on tickling the soles. The usual flexion of the 
leg on the thigh, or Ihigh on tlie abdomen, does not occur in these cases, because 
of rigidity ot the opponent muscles Careful observation in such a case wil 
UBUallj show that the stiffness and rigidity ot the limb are decidedly increased 
by the tickling. It iiiust not, Iherefore. be hastily concluded that in cases of ttaia 
description the superficial reflexes are abolished. 

Tfie superficial refiexes. 

Dr. Gowers, who has given great attention to this subject, describes ' 
a plantar, gluteal, cremasteric, abdominal, epigastric, and interscapular 
skin reflex. 

The plantar reflex is almost always present in health. The abdominal 
reflex can also usually he obtained. The cremasteric reflex is, as a rule, 
well marked in children, but often absent in adults. The gluteal, epi- 
gastric, and interscapular reflexes can seldom be demonstrated in the 
healthy individual. 

1. The plnnlnr refiex is obtained by irritating the skin of the sole, the 
result being a contraction of the foot muscles, or when the refiex radi- 
ates, as it often does, a contraction of the muscles of the thigh and leg. 
When confined to the foot muscles the reflex passes -through the lower 
part of the lumbar enlargement. 

'i. Tlie gluteal refiex is obtained by irritating the skin of the buttock, 

of gray matter, while the deep reflexes pass through the poatero-extemal column. 

It is possible in this way to expbin the undoubted chnical fact, that in the earlier 
' stages of locomotor ataxia, i. e., while Lbe lesion is limited to the postero-extemal 

column, tlie deep reflexes are abolished, but the superficial reflexes may be re- 
i| tained. (See page 29.) 
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conrisU m contraction of the gluteal muscles. It passes through 
the cord at the level of tlie fourth or fifth lumbar nerves. 

3. The cremasteric rrfiex is obtained by tickling tiie skin on the inner 
side of ihe thigh, the knees should be drawn up and the thighs sepa- 
rated; it cooBists in retraction of the testicle on the same side. It passes 
through the cord at the level of the first and second lumber nerveB. 
This reflex is often absent in the adult. 

4. The abdominal reflex is obtained bj stimulating the skin of the 
side of the abdomen in the nipple line. It consists in contraction of the 
abdominal mnacles, aud passes through the lower part of the dorsal 
region of the cord from the eighth to the twelfth nerves. 

5. The epigastric reflex is obtained by stimulation of the side of the 
chest in the fifth and sixth interspaces. It consists in the dimpling of 
the epigastrium from contraction of the (?) upper part of the rectus ab- 
dominalia. It pnsaca through the cord at the level of the fourth, fifth, 
and sixth dorsal nerves. 

6. Hie interscapular reflex is produced by stimulation of the skin be- 
tween the scapulas, and consists in contraction of some of the scapular 
muscles. When slight it is chie0y marked at the posterior axillary fold 
(teres); when more considerable, it involves almost all the muscles at- 
tached to the scapula (trapezius, teres, sorratus), and even moves the 
bone a little outwards. It passes through the cord at the level of the 
tJiree upper dorsal and two lower cervical nerves. 

To elicit the superficial reflexes, the skin should be gently scratched 
with a fine pointed instrument, such as the point of a pencil, or the end 
of- a tuning fork. The finger does well enough in most cases, bat & 
fine point is better. 

The deep rejtexes.' 

The best known are the patellar tendon reflex, and the ankle clonus. 
In diseased conditions, reflex movements can often be produced by tap- 
ping the tendons of the upper extremity. 

The knee-reflex {patellar-tendon-rejtex or knee-jerk), which is proba- 
bly not a simple reflex such as the plantar reflex, is best obtained by 
striking the ligamentum patellse when the knee is semiflexed and the 
foot at rest. The patient should be seated with his legs dangling over a 
high table in a pendulum-like manner, as shown in fig. 88; or, the leg may 
be crossed over its fellow, as represented in fig, 80. The tendon should 
~be struck just below the patella with a percussion hammer, the side of 
the hand, or the ear-piece of a atethoscope. The knee must bo quite re- 
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strike either tendon without the patient being aware that you are going 
to do BO. Care must be taken not to confound tlie movement of the leg, 
which results from the impulse of the blow, with thu movement which 
depends upon contraction of tlif muscle. Tha refles centre is sitoated. 
in the lumbar region of the cord, in the eegments corresponding to the 
second, third, and fourth lumbar nerves.' 

KnfB clonug. — In some cases in which the knee-jerk is very much exag- 
gerated, a uingle blow upon the tendon is followed by several contractiona 
of the quadriceps muscle, and a clonic spasm of the leg is produced; this 
knee clonus may, in such cases, be still better demonstrated by drawing 
the patella downwards, having grasped it firmly between the forefinger 
and the thumb of the left hand, and then tapping the tendon between 
the quadriceps and the patella; if the pressure on the patella (j. e., on 
the quadriceps, for the effect of polling upon the patella is of course to 
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extend the quadriceps) be kept up, a well-marked knee clonus can be 
demonstrated. 

The ankle clonus is a rhythmical movement of the foot, due it 
rhythmical contraction of the calf muscles. In order to obtain it the 
foot must be suddenly flexed at the ankle by pressure upon the balls of 
the toes; the leg should be extended, but not fully. (See fig. 90.) 

A modification of the ankle clonus has been described by Dr. Gowers, 
and termed by him i\\^ front-tap contraction. He states that it is a very 
delicate test of morbid irritability, and can often be obtained when the 

' Professor WeatphaU points out, that occaaionallf a true reflex can be obtained 
by irritation ot the skin over the patella, which resemblen, but must not be con- 
founded with the ordinary knee-jert, — {Archiv fUr Pgychiatrie. vol. xii. part 8, 
1^982, quoted by Dr. de WatteviUe, in Brain, July, 3S8S, p. 886^ 
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-ankle clonus cannot. To obtain it a tap must be made on the muscles 
o( the front of the leg during passive flexion of the ankle. 

The ankle clonus cannot be obtained in health. It is seen in coses of 
spastic paraplegia, and is very valuable evidence, though not pathogno- 
monic, of organic disease, viz., sclerosis of the lateral columns. It ia 
also seen in the hysterical (functional) form of spastic paraplegia; this 
point will afterwards be referred to in more detail. (See page S48.) 

Deep reflexes can aometimea be obtained in the upper extremity. 
They are seldom, if ever, present in health, and are chiefly valuable as 
evidence of secondary descending degeneration, resulting from cerebrsl 
lesions. 

Paradoxical contrachon. — Tiie term paradoxical contraction has been 
applied by Westphall to a peculiar form of contraction which is sooietimoa 
observed when the two extremities of a paralyzed muscle are suddenly ap- 
proximated. In some cases, for example, in which the lower extremities 
are paralysed, and the feet are extended on the leg, i. e., in a condition of 
plantar flexion, it is fonnd ou suddenly flexing the foot on the leg, [. e., 
on producing dorsal flexion at the ankle, that the tibialis contracts, its 
tendon stands out prominently, and the foot is maintained, it may be 
for a considerable time, in the position of dorsal flexion. The exact 
fiignificunce of the condition is not yet exactly known; the same form of 
contraction has been observed in other muscles than the tibialis anticus. 

THE OHOASIC HEFLESES. 

The more important organic reflexes, which have tlieir centres ii 
spinal cord, are the vesical and rectal. 



THE VESICAL BEPLES.' 

Micturition is a complex process, the exact mechanism of whicbj 
not, perhaps, yet definitely understood. The nervous and muse 
arrangements concerned are as follows: 

The neck of the bladder is surrounded by circular muscular fibre 
the sphincter vesicaa muscle — which are supposed to be maintaint-d in » 
constant state of contraction. By virtue of the action of the sphincter, 
and, to a less degree, of the resistance of the elastic fibres of tbe urethra, 
the exit of urine is prevented. The contraction of the sphincter is doc 
to the action of a tonic centre which is situated in those segments of the 
spinal cord which correspond to the 2d, 3d, and 4th sacral nerves. The 
action of the tonic centre can be inhibited, i. e. , the sphincter can be re- 
laxed, by a voluutary effort. The course of the inhibitory fibres in the 
cord is undetermined, but they probably pass through the lateral columns. 
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I The mechaniam of urination belongs, of course, to the phyBiology of the cord. 
< description of the process has been purposely deferred, in order that the de- 
ingemeniH which occur in diwase may be more readily understood. 



TBS BPnrAL CX>BD. 

Ihr. Gowers supposes that the centre for the sphincter can be inhibited, 
i. e., the muscle can be relaxed, refiexhj, by sensory stimuli from the 
mncoDS membrane of the bladder itself. Such a supposition would un- 
doubtedly ividll esplain some points of the process, and is adopted in the 
foUowing dodcription. 

Thg expvhion of urine is effected by the contraction of the muscolar 
ires in the wall of the bladder — the detrusor nrinie — aided by the con- 
traction of the volnntary muscles in the abdominal wall.' According to 
Golts, the contraction of the detrusor is a purely reflex act. The reflex 
centre, which is situated in the segments of the spinal cord correspond- 
ing to the 3d, 4th, and 5th sacral nerves, is set iuto action by Btimulji- 
tion of the sensory fibres in the mucous membrane of the bladder. 

jVtany authorities believe that the reHex process can be strengthened, 
and some say that it can he set into motion by a voluntary effort. Pro- 
fessors A. Slosao and P. Pellaeani conclude, as the result of elaborate 
aod carofnl experiments on the human subject, 'that everp psychical 
act, intellectual, emotional, volitional, as well as every sensory, percep- 
tion, is accompanied by a contraction of the bhidder.' Moreover, they 
prove that the bladder can be made to contract by a pure act of the will 
apart from any sensory reflex, without the concomitance of abdominal 
pressure.' Like many other reflei acts, it can be inhibited by an effort 
of the will. 

Some authorities eoncliide that tlie ceiitrea for the detrusor and 
aphincter muscles are antagonistic, and that an impulse from the bruin, 
whicii inhibits the action of the sphincter centre, of necessity excites 
the action of the detrnsor; and vice versa. Whether this is so in 
reality is donbtful. According to Professors Mosso and Pellaeani 
there is no antagonism between them, every contraction of the one being 
accompanied by a contraction of the other; according to these observers 
it is only when the contraction of the detrusor becomes sufficiently 
powerful to overcome the resistance of the sphincter that the expulsion 
of urine iseffected. The inhibitory fibres probably pass down the lateral 
columns of the cord. 

The parts concerned in micturition, wJiile at rest, are diagrammatic- 
ally represented in fig. !'l, 

The mechanism of micturition then, so far as it is at present known, 
would seem to be as follows : — 

1. When the bladder becomes suflSeiently full of water, or rather^ as 
the experiments of Professors Mosso and Pellaeani seem to show, when 
the pressure on the interior of its walls is raised to a certain height, the 



PoMiblythe tonic contraction of tlie apliincter maj be due to some local 

inechanisni. 
Sur let fonetiariK df In Vesale. By Prodi. A. Uosso and P. Pellaeani, quoted 
'rain, July, 1882, i>. 3^8, 
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» result of the sensory impression conveyed to the brain the 
i to urinate is experienced. 

As a result of the reflex impnlBe carried to the spinal cord, the 
II of the detrnsor centre is atimulated, while the action of the 
icter centre 18 inhibited, or, according to Professors Mosso and Pel- 
i, both ceotreB are stimalated, the action of the detrusor centre ul- 




mmatlt nprtrnntalion of Iha partt Bonctmed in ike procai af micturilim ulUI« At 

hlMHliT (T) la Full ol urloe, Tbe mucoui membrane (mm) la MImulaCed. an Imprawlon U 

ted, luid Iscmiedbf Uiesenwrricenlrtpetal) nerTB (S) lu Ihe Uroiii iBl, ■nd to tbe spii al 
if(irU>edeU-uaor(CDU).Bnt]apbtD<;Wr{<J5H). From tlie Urajn an Impulw U wiit \\i 
hesBrrgib) whicli mreiiKtheiii the action or tha delnunr aenlrB (C U Ml, nud inhlblta tlie 
sttlte aphincter cFuire (C 8 )I); (3) alone tlie nerve (h'\ Hhlcli tbrowa the aMominoi musclea 

icOos Impulse wbicli Iiaapaiaed from the mucous membrane of Ihe bladdtr to tbe apinal 
Idica the aclloii of [h« iletnitor CFnlrc. and Inhibit Llw nctlun of Iha Dpbbicter cenln-. 
ftoal reaiill Is contraction of tlia ileirmop mun;la (D JI). reUuntion of Ibe gpbinni-p 
l^iBiWMlUw eipulolon o[ urlDC, Theairow Indicate tbe dlnicUan at Ulenene 



THK CLISnOAI. -KXAaniTATIOJT OP 



ttmately overcoming that of the ephiiicter. (In t]ie diagrams, flgs. 91, 
92, and 93, the centres for the detrusor and aphincter are repreaented u 
mutually antagonistic, and a stimalus which excites the one is supposed 
to inhibit the other. The reader can easily alter the diagram in order 
to represent the more recent view of Professors Mosao and Pellacani, by 
supposing that atimuli conveyed along the interrupted lines are leas 
powerful than those carried by the continuous linei;.) 

Jf the cirruinstancs" for urina./ion are /"'-ornbh: uii impulse is sent 




iici ain be inhibilid by a voluntarv rffnrt. 
The bladder U tull of urine. A reflex impulie paBsn from llu> mucoiu membrane to tbe ■pinil 
oardand brain; but ihe conditions (or uiinBtion are not Cavarable, An Impuliie Is Cberefare leai 
froin the bnlu |B| aloiiB tha arm (!>"|, wblch loblblw the u.-ili>n eC tlie(l<!Uni«orceDCr(C DS' 
and strenethenBlhcuutlonot lliuBplilat^lfrcenlrelCSIiIi. The nnsl result bdii ~ 
of the sphincter muscle (S H), and non-expulaloa al uritie. The «rro«'9 Indtcal 
the nervB ' curreDU.' 

from the bruin to : (a) the tonic centre for tbe epbincter, inhihiU 
ing its action, and causing relaxation of the sphincter muscle; (S) 
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centre for the detrusor, Btrengthening ita action wliieli has been alrcaily 
excited by the reflex impulse from the bladder; and to (c) the abdominal 
muscles, causing their active contraction. In health nil these processea 
' are aimultaneously accompliahed, and urinatioii ia the result. The 
I mechanism of the process is diagrammatically represented in fig. 92. 
I' 1/ the circumstances are not convenient for urination, the process 

can be prevented by : {«) voluntary inhibition of the centre for the de- 
trusor; (b) the (voluntary) contraction of the urethral muscles at the 
! neck of the bfadder; and possibly, too, the strengthening of the tonic 
I centre for the sphincter. The manner in which the process is inhibited 
by a voluntary effort is diagrammatically represented in fig. 93, 

Alterations of the process of urination which occur in disease. — 
DiBorders of urination are very frequent in disease, and result from de- 
rangement of the mechanism which I have just described; and since the 
chief part of that mechanism is situated in the lower portion of the spinal 
cord, it follows that the greatest disturbance in urination will occur 
when the himbar portion of the cord is the seat of the lesion. 

The following are the effects produced by lesions of the different parts 
of this nervous mechanism: — 

1. Excegsiee stimulation of the centripetal nerves. — When the sen- 
sory nerve filaments in the mucous membrane of the bladder are abnor- 
mally sensitive, as in cases of cystitis, a small quantity of urine will 
suffice to set up the reflex process; increased frequency of micturition 
and spasmodic contractions of the detrusor muscle result. A foreign 
body (such ae a stone) will produce excessive stimulation of the sensory 
nerves, even when the mucous membrane is healthy, but as a matter of 
fact, evBtitia is nearly always present in such cases. Irritation in the 
rectom may also excite the reflex mechanism. Some cases of nocturnal 
incontinence in children are probably induced in this manner. 

2. Destruction, of the sensori/ (centripetal) nerve f laments will, of 
course, prevent the reflex impulse passing to the spinal cord. Expulsion 
of urine can still, to some extent, be offecte<l by voluntary effort, chiefly 
by means of the abdominal muscles. This condition is of more theoreti- 
cal than practical importance. It might result from the preasure 
of a tumor or inflammatory products on the nerve trunk or posterior 
nerve roots. 

3. Destruction of the reftez centres in the spinal cord, — Destruction 
of the reflex centres may result from myelitis, hemorrhage into the conl. 
traumatic injuries, etc. The sphincter and detrusor muscles are. of 
course, paralyzed. There is generally paraplegia and paralysis of the 
rectnm. 

Sudden injuries (traumatic and inflammatory, etc.) of the spinal cord 
above the lumbar region are also attended with arrested functions of the 
nrinary centres. In cases of this description, the urinary reflex is re- 



established as soon as the effects of shock jiaas off (provided, of course, 
the lumbar cord remains unaffected). In many of these cases the con- 
ducting paths to and from the brain arc interrupted with the results 
described below. 

Deatniction of the detrusor centre produces paralysis of the detnisor 
musnie, as a result of which urine collects in the bladder (retention) : 
after a time the sphincter gives way, and incontinence occurs. 

When the action of the detrusor centre is impaired but not destroyed, 
the paralysis is incomplete. In these cases the contraction of th« abdo- 
minal muscles takes a larger share in the process than in health. The 
< expulsive power is diminished; the patient cannot empty the bladder 
when lying on his back; in order to complete the process satisfactorily, 
he has to stand np, i. e., to place the parts in the beat hydrostatic condi- 
tion for the exit of urine. 

Paralysis of the detrusor from destruction of its reflex centre is almost 
invariably associated with paralysis of the sphincter. 

Destruction of tho spincter centre produces paralysis of the sphinc- 
ter; the urine dribbles away; this condition is termed incontinence of 
urine. When the sphincter is paralyzed, any sudden movement on the 
part of the patient — laughing, coughing, etc.— forces away urine. 

Paralysis of the sphincter is very rare per se. It is nearly al ways asso- 
ciated with a similar affection of the detrusor mnscle and with paralysis 
of the rectum. 

4, Dfstrnction of the cenlrifufial {motor) nerws,— Destruction of 
the motor nerve to the detrusor muscle will, of course, produce paral}^^ 
of that muscle. As I have previously remarked, this condition is seldom, 
if ever, met with in practice. 

5. Interruption and destruction of ilie conducting paths to and from 
the brain above the reflex centre are of frequent occurrence. If the lesion 
is a sudden one, the shock to the urinary centres may cause temporary 
arrest of function. In chronic cases the effects of the lesion vary with 
its position and extent. When the sensory conductors or sensory per- 
ceptive centres are affected, the desire to urinate is not perceived; the 
reflex arc is uninjured, and as soon as the bladder becomes sufficiently 
■distended withnrinc, it is evacuated unconsciously. It must be remem- 
bered, therefore, that the involuntary discharge of nrioe and fieces in 
cases of coma does not necessarily imply any paralysis of the bladder or 
rectum. 

When the motor and inhibitory fibres are alone interfered with, the 
desire to urinate is perceived, hut the act takes place quite independently 
of volition. It can neither be assisted nor prevented. 



INCONTINENCE AND RETENTION, 

Incontinence and retention of urine are the symptoms which i 
from tho lesions I have just described. 
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INCONTIXESCE OF flllSE, 



itririe either against the will 

ml without his being able to control 
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Definition. — The escape of 
the knowledge of the patient, a 
Aav. It maj be due to: 

1. Mechanical causes. — Snoh as a veaico-vaginal fistula. 

2. Spasmodic contraction of the detrusor muscle. (Spasmodic incorr 
tineooe.) In spasmodic incontinence the involuntary discharge of urine 
occurs at interyals, and between timea the patient has full control ov,>] 
hb biaddur. This is one of the most frequent causes of the nocturnal 
incODtmence of children. The spasms may be due to a local source ol 
irritation acting reflexly, as worms in the intestine; or, it may be part 
and parcel of a general spasmodic condition (epilepsy). Occasional noc- 
turnal incontinence should always, therefore, suggest the possibility ol 
«pileptiG fits. 

3. Atony or paralysis of the sphincter vesica. — Where the sphinctei 
is completely paralyzed the incontiuence is conslnat, the patient never 
haa command over his bladder, the urine dribbles away, and is liable to 
be forced away by any sudden effort, such as coughing. The urine U 
often ammoniacal. 

Where there is simply atony of the sphincter, the incontinence may 
only occur occasionally. This is probably another cause of nocturnal in- 
contiuence in children; the incontinence rarely occurs during the day; 
the atony becomes aggravated during sleep; these patients are frequently 
delicate, but there are no associated neiTe symiitoms such as are present 
in most cases of paralytic incontinence; the nrine is normal; the condi- 
tion )8 generally easily amenable to treatment. Paralysis of the ephincter 
fiometimes results from local injury, as after the rapid dilatation of the 
female urethra, or inflammatory affections of the mnscle. It frequently 
follows retention, the sphincter after a time yielding to the pressure of 
the retained urine, and incontinence resulting, In these cases the im- 
portant diagnostic point to be determined is : — What is the cause of the 
retention? Is it due to a local (generally temporary) or central (often 
permanent) condition ? 

In all cases of incontinence of urine, especially where there is no as- 
sociated condition of the rectum and limbs, a careful examination of the 
bladder should be made with the catheter, etc. 

i. Cerebral Incontinence. — Where the urinary reflex arc is uninjured, 
hut where there is a lesion (in the cord above the lumbar region, or in 
the brain), which interrupts the conductors or destroys the cerebral 
centres, the urine is discharged at irregular intervals, and in a good 
stream, but the desire to urinate is not perceived, and the act cannot be 
restrained. This form of incontinece may, for the sake of convenience, 
be tenned cerebral. 



The differential diagnosis of a case of incontinence. — The points 
to bo determined are: 

1. Is the incontinence mechanical, spasmcMiic, paralytic, or cere- 
bral ? 

3. If HpaamoUic, is it due to local or central causes ? 

3. If paralytic, is the paralysis due to local or central conditions ? 

4. What is the exact seat and pathological character of the lesion? 
In trying to solve these questions, attention must be directed to the 

following circumstances: 

1. The local condition of the urethra, bladder, rectnm, eta (Oare- 
fal local examination.) 

a. The exact character of the incontinence. (See above.) 

3. The history and mode of commencement of the attack. 

4. The associated nerve symptoms, especially the condition of the 
other parts supplied by the lumbar and sacral nerves, 

When the incontinence is due to centra! causes, an anatomical and 
pathological diagnosis must be made, in accordance with the usual plan 
of diagnosis in spinal and cerebral affections. 

The chief points of differential distinction between spasmodic and 
paralytic incontinence are shown in the following table: 



Ttibviar Statement slwicing Vie D'lffe 

Paralntie Incontinence. 



Diagtwsis «f Spoimodii- and 
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Effect of 

CoiUfhlnV. 
etc. 


Abb. 


^"u^r" 


^•r^f 


Effector 


Spasmodic. 


and Inter- 
mittent. 


NU. 


Oenerally 

young. 


a<at, acid, 
normal. 


None, 
unless 

hysteria. 


Good. 


Paralytic 


Constant. 


Forces 
away 
Urine. 


Any age, 
but (cene- 
raUy old. 


May be am. 

and puru- 
lent. 


If central. 
Bcnerally. 
a similar 

aSTectiou 
of rectum 
and para- 
plegia. 


Very often 
uii favor- 
able. 



BETENTION OF UKIN8. ■ 

Definition. — The accumulation of urine in the bladder, as the resBK 
of inability on the part of the patient to expel it. This may be due to 

I. Mechanical causes, such as stricture, enlarged prostate, tamor" 
in the pelvis, traumatic injuries of the urethra. 

idic contraction of the sphincter vesica. — This condition n 
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resall from local (direct) irritation, after ligatnre for piles, etc., or it may 
be due to central nervous causes, as in some cases of hysteria. 

3. Paralysis of Ihe deirnaor muscle. — Paralysis of the detrusor some- 
times follows excessive distention of the bladder, as in those caaes in 
which the urine has been voluntarily long retained ; occaeioiinlly in these 
cases, though I supect seldom if ever in healthy individuals, the paralysis 
becomes permanent. 

Temporary paralysis of the detrusor also occurs in many cases of 
scute disease of the spinal cord and brain, in which a severe shock to the 
□ervone system temporarily arrests the function of the detrusor centre. 

Paralysis of the detrusor may also result from lesions of the detrusor 
centre, and from lesions of the centripetal (motor) nerves passing from 
that centre to the muscle. Myelitis, hemorrhage, or tmumatic injuries 
of the lumbar cord, pressure on the nerve roots or nerve trunks, aro the 
chief causes of this condition. In these cases the paralysis is often per- 
manent, and is generally associated, as has been mentioned above, with 
paralysis of other parts supplied by lumbar and saeral nerves. Feeble 
action of the detrusor muscle is seen in some cases of general spinal 
weakness. In these cases the action of the detrusor is partly compen- 
sated by excessive action of the iibdomiual muscles. 

4. Excessive cerebral control. — If tlie action of the detrusor and 
sphincter muscles is antagonistic, we may theoretically suppose that re- 
tention will occur where the cerebral influence which inhibits the action 
of the detrusor centre, and strengthens the action of the sphincter centre, 

, is in excess. Possibly this is the cause of the retention which is met 
with in some cases of hysteria, and in some other cerebral affections. 

The differential diagnosis of a case of reiention. — The steps in the 
diagnosis are : 

1. Is the retention mechanical, spasmodic, or paralytic ? 

2. If spasmodic, is the spasm due to local or general oauses ? 

3. If paralytic, what is the seat and pathological character of the le- 
»on? 

The points to be relied upon in making a diagnosis are much the 
same as those iu cases of incontinence, viz.: — 

1. The local condition of the urethra, bladder, rectum, and pelvic 
organs. (Catheter, rectal, and pelvic examination.) 

2. The associated nerve symptoms, especially the condition of the 
other parts supplied by lumbar and sacral nerves. 

3. The history atid mode of commencement of the attack. 

4. The general condition, age, etc., of the patient. 

When the retention is due to spinal or cerebral causes, an anatomical 
UQd pathological diagnosis is to be made in the usual manner. 
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THE BECTAI. HEFLEX. 



The mechaniam of defecation is very simple to that of urination. It 
muBt, however, he remembered that the fcecea are solid or semi-solid; 
that they are nut discharged into the rectum in the same continuous 
stream, as it were, as urine is discharged into the bladder ; and tlmt 
large hard fKcal masses may meet with a mechanical difficulty in jjassing 
through the sphincter. Possibly, too, tlie intensity of the reflex stimulng. 
conveyed to the spinal cord by fceces of different degrees of consistency, 
may vary. 

The reflex centre for the rectum ia situated in the lower part of the 
spinal cord, in close proximity to the urinary centre. 

After the very full description of the urinary reflex given above, it is 
unnecessary to say more regarding the rectal reflex. The reader is re- 
ferred to that description. 



THE SEXUAL HEFLEX. 

Erection and ejaculation are reflex processes, the centre for which is 
situated in the lumbar portion of the spinal cord. The mode of action 
of the mechanism is probably as follows : — 

Erection. — The sexual centre is put into action by : — 

{a) Irritation of the sensory nerves in the glans penis. 

{b) Cerebral (emotional) influences. — Though the action of the sei- 
wal centre can be excited and strengthened by cerebral impressions, 
neither erection nor ejaculation can be directly brought about by an 
effect of the will. 

As the result of the stimulation of the sexual centre, an impulse ia 
generated which travels along the nervi errgeutes and inhibita the local 
nervous mechanism in the blood-veasela of the copora cavernosa ; vascu- 
lar dilatation, engorgement, and erection follow. The course of the fibres 
through the cord is not known. 

Ejaculation results from a more powerful and prolonged peripheral 
irritation, while the activity of the sexual centre ia further strengthened 
by emotional impulses. 

Inhibition of the sexual reflex. — The sexual, like other reflex acts, 
can be inhibited by an effort of the will, emotional impressions, etc. 

Alterations in disease. — Destruction of the reflex centre (lumbar por- 
tion of the spinal cord), or of the nervi erigentes, destroys the power (^a, 
erection and ejaculation, and causes impotence. M 

General spinal weakness, a condition which sometimes resnlts fronfl 
sexual excess, is frequently attended by a condition of irritable weaknen ■ 
of the sexual centre ; erections are more readily produced by emotional 
influences than in health, but soon pass off; ejaculation is frequcntlv 
yrcmature. 
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Priapism. — Erection without sexual desire — is usaallj incomplete. 
Occasionally the erection is complete ; it may tlisn be painful. The 
condition may persist for seyeral days. 

Priapism may result from : 

1. ExcesBiTe stimulation of the seneory peripheral nerves going to the 
sexnal centre, as in gonorrhcea, 

2. Direct irritation of the sexual centre ; this cause is probably very 
rare. 

3. Irritation of the fibres which conduct exciting (emotional) influ- 
ences from the brain. This is the canse of the great majority of cases of 
priapism which are due to central disease. The lesion is usually situated 
in the lower cervical or upper dorsal region of the cord." 

i. Theoretically, priapism may bo due to irritation of the cerebral 
centres, which generate the emotional influences that excite the sexual 
centre. Possibly this is the cause of the sexual derangements which 
occur in some cases of insanity. 

Satyriasis. — In some cases of locnmotor aiaxia, a condition of saty- 
riasis is met with. It probably results from irritation, in the lumbar re- 
gion of the cord, of the sensory nerve filaments, which proceed from the 
eexnal organs upwards to the brain. 

The reflex f unctions of individual segments of the spinal cord. 
In the following table the segments of the cord, with which the differ- 
ent reflexes are connected, are shown : 

Tabu showing the tegtuents of the cord mik icAicA the different refiexea are 
eomxected. 
Cervical , 



Interscapular. 



■ Epigastric. 



Patellar 
tendon. 



■ It is an interestiug fact in thia conneclion, that violent palpitatioi 
irritation of the (spinal) fibres of the sympathetic in the same region, 
time* seen in young subjects as tlie result of sexual excess. 
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VeBical. 

y Rectal. 

Sexual. 






THE COSDITON OP THE PUPIL. 

Oterations in the cnndttion of the pupil are frequent in diseoeea 
the spiiiiil cord. In some cases the alteration is due to disease in the 
cilio-Bpinal region, which, according to Budge, corresponds to the two 
lower cervical and upper three dorsal segments; from this cilio-spinal 
region sympathetic fibres pass to the radiating muscular fibres of the 
iris; according to Ferrier these fibres pass. out of the cord through the 
anterior root of the second (and in some cases of the first) dorsal nerve; 
irritation of the sympathetic fibres produces dilatation, while their snd- 
den destniction is attended by contraction of the iris. In others, and 
these are probably the roajority, the derangement is due to an associated 
lesion above the cord; in locomotor ataxia, for example, the loss of the 
pnpil reflos to light is a very constant and important symptom, and is 
probably dne to a lesion in the neighborhood of the corpora qnadri- 
gemiua. The mechanism of the pupil reflex and its dcinngements be- 
long rather to cerebral than spinal putholofty. I shall uot eater into the 
subject now, further than to say that irritative lesions in the cilio-spii 
region of the cord may be attended with dilatation, while deetrut 
lesions may produce contraction of the 'pupil, 

(7) Co-ORDisATiON AND THE MuscDLAE Sen9E, — Locomotor ataxia 
iathe disease /jar excellence in which spinal co-oniination is deranged. 
Before the days of Duchenne, this affection was included wit.h the vari- 
ona forms of motor paralysis, under the common term paraphilia ; we 
now know that there is no paralysis, but that the difficulty in walking ia 
entirely due to inability to combine (co-ordinate) the muscular move- 
ments of the lower extremities. In the great majority of cases the inco- 
ordination only involves the lower extremities. In the later stages of 
the disease the upper limbs may also be affected. 

The inco-onliuation results from the fact, that peripheral impressions 
passing from the skin, muscles, tendons, ligaments, and joints of the 
lower extremities, are arrested in the postero-external column of the 
oord: that the reflex grouping of muscles is interfered with, and the per- 
ceptive and co-ordinating centres are not informed, or are incorrectly 
informed of the manner in which the muscular movtments are being 
carried out. The patient endeavors to remedy the defect by the aid of 
sight. 

Mode o/iesdng co-ordination. — The co-ordinating power is tested I 
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making the patient peiform different muscular movementB, and by 
observiug the regularity and order with which they are executed. In 
testing the condition of co-ordination in the lower extremities, the 
patient should lirst bo made to walk in a straight line. (In hospitals 
where the floor is uncarpeted, he may be told to follow the line of oue of 
the boarde.) This test is, us a rule, satisfactorily accomplished, provided 
that he is allowed to look at bis feet and on the gronnd; the movements 
are, however, markedly irregular, the legs are thrown out with a jerk, 
and the heels brought to the ground with a stamp. He should then be 
made to raise his eyes from the ground, and tol<l to walk across the 
room; the movements now become extremely unsteady, indeed, in many 
ca8e«. the patient dare not, or cannot, walk at all. 

The potL-er of balancing the iody in the erect position is also impaired 
or loet in cases of locomotor ataxia. In testing the balancing power, the 
patient should be made to stand upright, with the heels olose together. 
TThen the co-ordinating power is seriously deranged, he is unable to 
maintain this position, even with his eyes open, but requires to separate 
hia feet in order to make his base of support as broad as possible. In 
slight coses, closing the eyes when the heels are together, always makes 
him totter and fall. Inability to main the erect position, when the eyes 
are closed, though always present in locomotor ataxia, is not, as was 
formerly supposed, pathognomonic of that affection; any lesion which 
arrests the upward passage of peripheral impressions from the skin, 
mnacles, ligaments, and joints of the lower extremities, will necessarily 
disturb the power of maintaining the body in the erect position when the 
cyea are closed. It must also be remembered that weakly, tottering and 
nervona people, in whom there is no loss of co-ordination, very often fail 
to stand firmly with the eyes closed and the heels close together. 

The muscular ne/ise is tested: — (1.) By observing the power of dis- 
criminating different weights. In applying this test in the case of the 
upper extremity, the test objects must be identical in every respect ex- 
cept their weight, in order to avoid the possibilty of the patient getting 
at the result by the aid of sight cr touch, Metatlio balls of a uniform 
size, covered with leather, answer the purpose well. In testing the 
mascular sense of the lower extremity, the weights must be suspended 
from the foot in a handkerchief or by B<<me other means. 

(2.) By directing the patient, the eyes having been closed, to touch 
a given spot ' on the surface of his own body — say, the tip of the nose — 
or, when the eyes are closed, to perform certain movements, which 
necessitate a knowledge of the position of the limbs and condition of the 

' In health we can touch any given spot on the surface of the body (the eyes 
being closed) with quickness and certainty; but when the muscular sense is im- 
paired, the patient is no longer kept informed of the manner in which the mua- 
<d1m an contracting, and the movement is more or less imperfectly performed, 



muBcleB. In applying this teat to the muscles of tlie lower eitremity, 
the patient should be placed on his back in bed, his eyes should then be 
bandaged, and he should be directed to place his legs in various positiona. 
He may be told, for example, to raise his foot to a given height, and 
then to lower it slowly until the heel reste on tho opposite great toe; or, 
when the legs are crossed to uncross them and place them in contact 
in some other position. 



THE CONDITION OF THE BENSOKY FUNCTIONS OF THE SKIN. 

In testing the condition of the sensory nerve apparatus, the exact 
character and distribution of any subjective alterations of sensibility, 
such as pain, numbness, heat, etc., must he carefully noted; and the 
objective sensibility to touch, pain, and temperature, in the different 
sensitive areas must he investigated. The mode of investigating the 
sensory functions of the skin is as follows: — 



Method of testing Hie tactUi 




.—DifftreAt Fomt of tht 



and also the sense of temperature, the following preliminary precaati 
must be adopted, if accurate results are desired: 

1. The nature of the test must be clearly explained to the patient^ 

whose intelligent co-operation is absolately necessary. 
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2. Hia eyes mnst be carefully blindfolded, so as to eliminate the pos- 
sibiiity of his getting at the results by aid of vision. 

3. His statements mast, from time to time, be checked by blank 
experiments. Thia precaution Is very necessary. Where, for example, 
the «nsibility of the akin is quite normal, the patient frequently answers 
carelessly and erroneously. Bliiuk experiments aid us in detecting this 
error. Again, iu cases of anffiathesia, patioiitB who are doing tlieir best 
to aoewer correctly, often profess to feel contact impressions when no 
contact has been made. Such erroneous statements can only be detected 
bjr means of blank experiments. 

The following points are then to be investigated: — 

1. The capacity of perceiving contact impressions. 

In order to test this point, the skin is to be gently touched with some 
tight object, such as a hair or feather, and the patient interrogated as 
to whether the contact is perceived or not. 

Any marked departure from the normal rapidity with which contact 
impressions should be perceived, must be noted. 

2. The fiower of localizing contact impressions. — Different parts of 
the skin are touched, and the patient 'is told to state the exact point 
where he feels the contact. 

3. Tlie degree of sensibility in different localities. — The sensibility 
the skin may be measured in the following ways: — 

(ff) Objects of different shapes, such as keys, coins, different weights, 
etc., are placed on the skin, and the patient is asked to describe them as 
accurately aa possible. The observer sliould gauge the results by similar 
contact experiments on hia own person. 

Ill estimating the senae of pressure, weights of known capacity may 
be placed on the skin, oa proposed by Weber. In applying thia test, 
care must be taken to eliminate the muscular sense. It is necessary 
that the part, the pressure sensibility of which is being tested, should 
be placed at rest and supported. 

(b) The minimum distance at which two distinct contact impressions 
are perceived, is to bo ascertained by means of the .^sthesiometer' (see 
figs. 9i and So, on t!io opposite page). 

This instrument consists essentially of a. pair of compasses, the points 
of which are blunted, so as to avoid the possibility of a contact with the 
skin prmlncing pain; a result which would vitiate the experiment so far 
aa tactile impressions are concerned. 

In naing the ijiatrument, the following points must bo attended to: — 

1. The preliminary precautions mentioned on page 120 must be care- 
fully observed. 

2. The two points of the instrument must be applied simultaneously, 
and the contact muct be a gentle one. 
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If one point touehea the akin before the other, two contact inipres- 
aions are of course pereeived, and llie whole object of the experim-jnt is 
frustrated. Aguin, if the instrument ie forcibly applied, one contact 
only is perceived, or a painful, iuatead of a contact impreasion, may be 
produced. 

3. In comparing the sensibility of different localities, the relative 
direction of the two points, with respect to the axis of the limb, must 
always be the same — always transverse, or always longitudinal — for the 
minimum sensibility-distances in the transverse and longitudinal direc- 
tions are somewhat different. 

Where the derangement of sensibility is unilateral, the standard of 
comparison for any given locality is the minimum distance at which two 
points can be perceived on the corresponding part of the opposite 
{healthy) side of the body. Where tlie derangement of sensation i^ 
bilateral, the results obtained must be compared with those given in the 
following table: — 

Ti[) gf tongue, l.l m. in. 

Palm of last phalunx of finger 2.3 " 

Palm of Hecoud phalaux of Sn^er, . . , . 4.4 " 

Tip of nose 0.0 ■' 

White parts of lips 8.8 " 

Rack of Bijcond pimlanx of finger 11.1 " 

Skin over malar bone 15.4 " 

Back of hand 29.8 " 

Forearm, 89.0 " 

Sternum 44.0 ■' 

Bat-k 66.0 " 

Method of testing sensihility to temperature. — 1. The preliminary 
precautions mentioned on page 120 must be carefully observed. 

2. The temperatnre sensibUity is then to be tested by the alternate 
application of test tnbes, containing water at different temperatures, In 
order to eliminate the possibility of the patient arriving at a correct result 
by the sense of tonch, the test tnbes must be of the same size. 

Care must be taken that the temperature of the test tubes differs 
from that of the skin, for otherwise a simple contact-senaatiou will be 
the only result. 

Method of testinij the sensibility to pain. — Sensibility to pain is beat 
tested hy pricking or pinching the skin, applying a hot test tube, or a 
powerful interrupted current to tho dry skin with dry electrodes. 

In testing the sensibility tc pain, the nature of the test should not 
he previously explained, but tho patient should be taken unawares; for, if 
he is prepared for the test, he may be able to inhibit any esternal mani- 
festation of suffering, and to falsify the result. 

The sensory fiinriions of individual segments. — The exact sensory, 
Junctions of individual segments have not, as yet, been definitely 



I 



THE SFtMAL COKD. 123 

detennined, but by referring to figs. 96, 97, 98, and 99, an ap- 
proximate idea, at all evonte, can be obtained of the Eegments with which 
ilifl sensor; nerres supplying different tracts of skin are connected. 

iSlpinai ancfsthegia, like spinal paralysis, is generally bilateral and 
rmxnetrical. Tbo antestbesia is seldom absolute. In some cases, all 
'rmsofcataneons sensibility are impaired; in others, one only is aSeoted, 




CWimeou* Ktrvt* of (b 



Fio. Be. 
le TVunfc and Vpptr Extrenilv. (After 
8a, Supra claTicular D«rf e. 
IID, Second doml. 

FB, Poatsrior btaochH of the spfnd nerres. 
LI. L&um brsDcbn at the Intercnstoi ntrrei. 

II, Dlac brsDCb ot [lio-lnKulDal nerve, 

I'H', Ilio-hjrpoeaatrlo nerve. 

C, Cireumflei nerre. 

IB, Intcreoato-humenl. 

W, Nerra of WrtsberK. 

I'CB, InteniAl cuuneoUB branch of luuscuIo-BpInJ nerre. 

XCB. Ezlemal cuUneaUB branch of miuculo-apEral nerre. 

ICB, Inlenial entueous nerve. 

HC. Kuxnilo-culaneouB. 

R, lUdU uirre. 
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or one escapes; thus, in many cases, senaibilityto pain ialoet, whilesenBi- 
bility to touch and to temperature remain. Occasionally, tactile aensa- 
tions are not perceived, but senaibiJity to pain and to temperature is 
retained; much more rarely temperature sensations are lost or diminished, 
while ta<'tilG iind painful impressions are preserved. Subjective aenga- 
tions, such as numbness, tingling, 'pina and needlea.' are usually ei- 
perienoed. Where the lesion involves the posterior root-fibres, 5efore 
they have joined the gray matter, 'lightning' pains arc often prominent. 
In the great majority of cases, other signs of apinal cord disease, such as 
disturbances of motion, are aaaociated with the aniestheaia. The sensi- 
bility of the face is not affected. 

In unilateral lesions, the ancesthesia is situated on the opposite side 
to the iefiion m the coid, as is reprosented in fige. fil and 62. 
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The most frequent clinical causes of spinal anEesthesiu are sclerosis 
of the posterior columns (locomotor ataxia), myelitis, campreseion of tbti 
cord (acute and chronic), and cerebro-Bpiiial sclerosis. 

Spinal Hypertsslhesia may be functional, as in cases of spinal irritation; 
or organic. The latter form (organic hypenestliesia) is often associated 
with anicsthosia. The most frequent clinical causes of organic spinal 
hypenesthesia are meningitis, compression of the censory nerve roots and 
lo<'omotor ataua. 
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Pain rf/erred to ike spinal column. — Pain in the spine is a prominent i 
symptom of spinal meningitis; but it is by no means pathognomonic, (or ' 
it is met with in many other conditions U is, however, important to 
remember that this form of pain (t. e., piiin referred to the spinal col- 
nmn) rarely resalts from organic lesions of the cord itself. The spinal j 
cord, like most other organs — as the liver or the brain — may be severely 
inflamed without the slightest pain being experienced by the patient. 
This fatntement only holds good, so long as the lesion is confined to the 
interior of the organ. ShoaUl the inflammatory process extend to the 
serona coverings, which are richly supplied with sensory nerves, or should 
it involve the posterior root-fibres before they have entered the gray 
matter, severe pain will be felt. Now, in many afEcctions of the spinal 
cord, the membranes are involved; and in such cases pain in the back 
may be experienced. 

It will perhaps be well to mention here the more important condi- j 
tiooB which give rise to pain referred to the spinal column. They are as 
follows: 

1. Infiammntory affections of the akin and subcutaneous cellular tissue \ 
over ike spine. — In these cases there ia tenderness on pressnre, swelling, 
and other evidence of local disease. 

2. Muscular rheumatism (lumbago). — The commencement of the at- | 
tack is acute; the course rapid. Any movement of the aSected muscles 
aggravates the pain, rest and support relieve it; there is tenderness on 
pressnre. Tliero ia seldom any affection of the general health; there is . 
DO marked pyrexia. 

3. Small-pox, yellow fever, and many other infectious diseases are i 
ushered in by severe back-ache. — The associated symptoms, which I need 

not here da^cribe. indicate the nature of the case. 

4. Disease in or about the hidney, — Inflammation of the peri- i 
nephritic cellnlar tissue, a renal calculus, and acute congestion of the 
oi^D, are the chief diseases of the kidney in which pain in the bac'k is 
experienced. The condition of the urine, the character of the pain, and 

\ the physical examination of the lumbar region, are the chief points to 
which attention must be directed in making a diagnosis. 

5. Disease of the vertebra. — This is a prominent cause of pain in the 
spinal column. The bone disease may bo primary, or it may rosnlt from 
the pressure of an aneurism or cancerous tumor. In Pott's disease the 
general health is, as a rule, profoundly affected. Displacements of the 
vertebrsB often cause curvature of the spinal column. Tenderness on 

j percnasion, and especially on movement of the diseased surfaces, is 
higlily characteristic, but is not always present, for in some caees the dis- 
ease is for a time limited to the body of one vertebra and in such cir- i 
I cumstaucea little or no tenderness on jire^suro, or pain on movement 'V I 
I may be experienced; to avoid jarring of the bones, the patient instino- ^ I 
lively kseps the spinal column rigid and still; he will not stoop nor jnmp ' 
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on his heeU for esaniple. Symptoms due to associated meningitia, prea- 
sure upon the iicrve roota or cord itaeU. may be prominent features (rf 
tho case. 

In aneurism, abdominal cancer, and other affections implicating the 
spinal column, a careful phyeical examinatioti can alone decide the esact 
nature of the case. 

6. Uterine disease, ulcer of the stomach, etc. — In those cases the pain 
is probably reflex. There is usually no difficulty in making a diagnosia. 
Assuredly, pain in the spine, due to these causes, is not likely to be odd- 
founded with the pain of meningitis' or of cord disease. 

7. Neuralgic affections, spinal exhaustion, spinal irrilatinn. — In all 
of these eases pain referred to the spine may be a prominent symptom. 

In ' spinal irritation ' the patient usually is a young woman; marked 
hypenesthesia is often present; no apparent cause for the pain can be 
discovered; there is no evidence of organic disease of the cord, mem- 
branes, or bones; symptoms of hysteria are often present; the general 
health is usually below par; anfemia or uterine derangements are common. 

8. Spinal meningitis both acute and chronic, — In this condition pain 
in the back is usually well marked. It ia generally aggravated by move- 
ments of the spinal column. In the earlier stages, i. «., during the 
period of irritation, hj-perieathesia of the skin, and sharp shooting pains, 
radiating in the sensitive areas of affected nerves, are usually present. 
Symptoms of motor irritation {twitchinga, cramps, spiiama, contractions, 
etc.) in the muscles supplied by the affected (compressed) anterior roots 
are also observed, and are due, either to irritation of the anterior or of 
the posterior nerve roots. In the latter case tho muscular spasms are 
reflex. Paralytio symptoms {aniesthesia and muscular paralysis) may 
subsequently occur. When the inflammation extends to the spinal cord 
itself, symptoms of myelitis, or of slow compression, are developed. 

9. Tumors within the spinal cord. — The ajTuptoms are tj-pical of 
slow compression. The diagnosis of a tumor is sometimes easy, as, for 
example, where there is associated malignant disease elsewhere (in the 
liver, pelvis, etc.). In other cases a positive opinion can hardly he given. 
and the diagnosis can only be arrived at by esclusion. The absence of 
the symptoms and signs of Pott's disease; the absence of any apparent 
cause of meningitis; the very gradual onset and steady advance of | 
symptoms, etc., are the chief points on which reliance must be pla 
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THE VASO-MOTOR AND TROPHIC COITDITION OP TDK SKIN AN! 

Irritation of the fibres of the sympathetic in the cilio-splnal region 
produces palor, diminution in the temperature and in the secretion of 
sweat on the same side of the head and neck, together with dilatation of 
the pupil. Destructive lesions in the same region may produce dilata- 
tion of the blood-vessels, redness of the skin, increased temperature, i&* 
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creased secretion of sweat, and contraction of the pupil. Alterations in 
the vaso-motor condition of tlio akin of the limbs and trunk are also 
seen in some cases of cord disease. Lesiona of the anterior nerve roots 
are sometimes attended with oedema of the parts to which they are dis- 
tributed, in addition to the motor paralysis. 

Alterations in the trophic condition of the skin are not uncommon, 
sloughing being the most frequent and important effect of trophic dis- 
turbances. In cages of paraplegia, in which the vitality of the skin is 
lowered, any e.xtcmal irritation is apt to be foQowed by destructive iii- 
ftaaimation; cleanliness, therefore, must be scrupulously attended to, 
and the greatest care taken to avoid any undue pressure. Bed-sores oc- 
coeioually form with great rapidity and in spite of the most careful 
attention. Professor Charcot, to whom wo ai'e indebted for much in- 
formation on this subject, believes that the acute form of bed-sores re- 
anlts directly from the spinal lesion, and is due to irritation of the gray 
matter. 

Trophic alterations in the bonea and jointa occur iu a small propor- 
tion of oases of locomotor ataxia; the affected jointa rapidly become dis- 
organized, and apontaneous fractures of the bones occur. The affection 
ia a painless one. Professor Charcot believes that the joint affection ie 
dae to extension of the lesion from the poatero -external columns to the 
anterior cornna; but this explanation is disputed by other authorities. 
Dr. Buzzard auggeata that the seat of the lesion ia the medulla oblongata. 
Another view is that the hone affection results from a lesion of the peri- 
pheral nervea, such as Dejerine has shown to be present iu some cases of 
locomotor ataxia. 

THE COXDITIOS OF THE SPINAL COLUMN. 

The eondition of the spinal column muat be carefully investigated in 
all cases of cord disease, by inspection, palpation, and percussion. 

ImipBction. — Irreffularilivs are seen in many, bat by no meaua in all, 
oaaea of fracture and luxation of the vertebriB. Ourvatarea and irregu- 
larities are also observed in some cases of Pott's disease, 

Paiprtlion and percussion. — The spine should be percnsaed from 
behind, and the bodies of the lumbar vertebrffl should be palpated through 
the front wall of the abdomen; pain aomettmes is elicited, and swelling 
occaaioDally perceived, by this method of examination, when the examina- 
tion of the spimd column from behind reveals no abnormal condition.' 
In cases of Pott's disease, movement of the spinal column almost aiwaj-s, 
but not invariably, gives rise to complaints of pain; this is a very valuable 
diagnostic, bnt it is not pathognomonic, for in other casea in which there 

■ This method of examination must Dot be too roughly performed, more par- 
tleulailj' in those cases in which there is any reason to suspect the presence of an 
Abdonunal a 
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B no bone diaeoEC (primary meningitis for example) the pain is nsnally 
Kocreased by movemont of the spinal coluran. 

The hot sponge lest. — A sponge wrung out of water, not Bnfficiently 
hot to produce a sensation ot pain in a healthy individnal, is drawn 
slowly over the vertebral spines. A painful sensation is sometimes ei- 
perienced at the seat of the disease. It was formerly thought to be in- 
dicative of myelitis, but is probably only a test of hjrperiesthesia. A 
piece of ice may be substituted for the hot sponge, with the same result. 

Th« Condition of the other Parts of the Nervous System. 

The mental faculties are usually clear in cases of cord disease, but 
'pontine,' 'medullary,' and cerebral complicatioDS are not uncomnoa. 
Polio-myelilis anterior acuta, like ail acute affections in the child, may 
be ushered in by an epileptiform convulsion ; and daring the febrile stage, 
mild delirium may occur. Spinal ^neningitia is frequently associated 
with inflammation of the cerebral meninges; in such cases, the cerebral 
symptoms are usually the most prominent. In cerebrospinal sclerosis, 
headache, vertigo, alterations iu the mental condition, disturbances of 
speech, and derangements of the special senses, may be marked symp- 
toms; but in some cases the symptoms are, for a time, chiefly spinal, ami 
a separate variety of the disease (disseminated sclerosis limited to the 
cord) is accordingly described by some writers. 

But in those affeetion& which are usually classed as distinctly epinal, 
derangements of the parts supplied by cranial nerves are also obser\'ed, 
In locomotor ataxia, abolition of the pupil-reflex to light is one of tho 
earliest and most constant symptoms, while temporary paralysis of the 
muscles of the eyeball, ptosis, and gray atrophy of the optic discs occur 
in a large proportion of cases. Lightning pains occasionally radiate in 
the sensitive area of the fifth nerve. It is particularly important, there- 
fore, to observe the condition of the muscles of the eyeball and of the 
iris, and the state of the optic discs in supposed cases of locomotor 
ataxia. The symptoms of locomotor ataxia are not nnfrequently de- 
veloped in the course of general paralysis of the insane. The charac- 
teristic sense of well-being and other delusions occur in cases of this de- 
scription; but in ordinary ciisea of locomotor ataxia, such as one meets 
with in private practice, tho mental faculties are usually quite clear. 

In amyotrophic lateral sclerosis, and Latidri/'s parali/sin, and in some 
cases of progressive muscular atrophij, the morbid process has a strong 
tendency to extend to the medulla oblongata — an event which is folloi 
by 'bulbar' symptoms, and (usually) by speedy death. 
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The Condition of the other Systems and Organs. 
Alimentary System, — In the great majority of chronic cord dis- 
eases, the appetite is good, the digestive process normal, and the nutri- 
tion of the body well preserved. 
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Acute diseases of the spinal cord are attended with tJieBame derange- 
ments of the digestive system (Loss of appetite, thirst, constipatioo, etc.) 
wliich occur in other acute affections. 

Constipation is a common symptom in cases of paraplegia, and is ia 
many cases due to paralysis of the intestine. 

Attacks of vomiting and gastric pain — the so-called gas^/ric crises — 
occur in some cases of locomotor ataxia, and are probably analogous to 
the lightning pains. These attacks occar more frequently in women 
than in men, and, i^ Dr. Buzzard has pointed ont, are oft<;n associated 
with the peculiar joint affection described by Charcot, Violent attacks 
of vomiting, apparently of a similar nature to the tfastric crises of loco- 
motor ataxia, are occasionally met with in other affections of the spinal 
cord, and are occasionally observed in hysteria. 

ifeleorismus, defending upon paralysis of the intestine, sometimeg 
occurs. When it appears towards the end of a case of myelitis, it is a 
serious indication. 

The CiRcL'LAToBT Okgans. — As a general rule, the heart and great 
bloofi -vessels are healthy in easesof spinal cord disease. Aortic regurgi- 
tation and aortic disease (atheroma) are occasionally associated with 
locomotor ataxia. In functional derangements of the cord, palpitation 
of the heart, with or without irregularity, is a frequent symptom; and 
neurotic disturbances oE the heart also result from lesions In the upper 
cervical region. 

Eespiratory Ohgash. — Complications on the part of the respiratory 
organs, such as phthisis, bronchitis, and pneumonia, are frei;[uently the 
cause of death in cases of curd disease. 

Spinal lesions which involve the nerve supply of the diaphragm op 
intercostal muscles may be attended with severe dys]muea; a trivial 
bronchial catarrh may cause serious symptoms, and prove fatal under 
ench conditions. 

In progressive muscular atrophy, and still more frequently in amyo- 
trophic lateral sclerosis, serious respiratory disturbances and speedy death 
may, as 1 have previously remarked, result from extension of the morbid 
process to the respiratory centres in the medulla. 

tTBlSARY System. — In some cases of acute myelitis, involving the 
lower portion of the cord, the urine rapidly becomes ammoniacal and 
loaded with phosphates, muco-pus, and vibriones. In some cases, the 
nflammatory affection, which has originated in the bladder, extends to 
the kidneys, and death quickly follows; Professor Charcot thinks that 
the cystitis is, in these cases, a trophic disturbance, analogous to the 
acute bed-eore, and that it is a direct result of the spinal lesion. In other 
caees — and they constitute the large majority — t!ie decompositiou of the 
urine, and the cystitis are caused by the introduction of septic matters 
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from without. Tho infective process thus eBtabliehed may subgequenth 
extend to tiie kidneys. Thia danger must always be kept in view in the 
treatment of cases of paraplegia, and the greatest attention paid to the 
cleansing and disinfection of boisgies and catheters. 

Excess of phoaphutea occurs in many cases of cord diseaae, inde- 
pendently of blaihler paralysis; the quantity of urine is often excessive, 
its reaction acid or neutral, its specific gravity low. 

In some cases of hysterical paraplegia, large quantities of limpid 
urine are evacuated; occasionally the urinary secretion is entirely anp- 



Tke Integumentary System, — The trophic alterations of the skin, 
which result directli/ from spinal lesions, have been already alluded to. 
The ordinary forma of skin eruption are, of course, occasionally mel 
with, as accidental complications. Sv-philitic eruptions are of most im- 
portance, and indicate a specific treatment for the spinal lesion. 

THE DIAGNOSIS. 

S/ep jVo. 1. Prestiming thai the symptoms suggest disease of Ihi 
spinal cord, the Jirst sisp in the diagnosis is to determine whether Iht 
lesion is actuallt/ situated in thai part of the itervous st/etem. 

Typical cases present no difficulty. As the result of experience— 
dJinical examination verified by post-mortem examination — we know thai 
certain symptoms, or rather certain combinations of symptoms, indicate 
a spinal lesion. But cases are not always, in fact are very freqnentlj 
not, typical, and tho most experienced may sometimes hesitate before 
forming a definite opinion. 

Now, the only true and scientific method of coming to a correct con- 
clusion is to make a tiiorougli and accurate examination of all parts of 
the nerroua system, and then to draw a logical conclusion from tliu 
whole facts of tho case. Duo weight must be given to individual symp- 
tome; and it is here that experience and a large practical acquaintance 
with disease give such essential information. 

In some cases we have recourse to the 'method of exclusion.' Wo 
endeavor to satisfy ourselves that there is no other lesion, either above 
or below the cord (t. e., no peripheral or cerebral lesion), capable of pro- 
ducing the symptoms. 

Cerebral paraplegia, peripheral paraplegia, spinal hemiplegia, and 
spittal monoplegia, may be instanced as some of the cases in which the 
difficulties, I have just alluded to, may occur. 

Cerebral paraplegia. — This rare condition may be caused by a lesion 
in the pons, or medulla. Derangements of the parts supplied by some 
of the cranial nerves will almost certainly be present, and when present 
are quite distinctive. Cerebral paraplegia may also result from two 
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arate and distinct cerebral lesions, as, for example, two independent 
hEBinorrhiij^es in the motor areas of both hemispherea. There ia in auch 
cases a history of two distinct attacks of hemiplegia; the lower facial 
moscles of the aide moat recently affected, will probably be paralyzed; 
there ia usually some disturbance of the mental condition, loss of cere- 
bral control, etc.; the condition of the reflexes corresponds to a cerebral, 
rather than to a spinal lesion, the superficial reflexes being abolished or 
diminished, the deep reflexes exaggerated. 

Peripheral paraplegia. — Where a peripheral leaion is so situated ae 
to interfere with the motor nerve supply of cor reapo Tiding parts on both 
sides of the body, paraplegia may result, and the case may be mistaken 
for one of spinal cord disease. A tumor pressing npon the cauda 
ennina, or a cancerous tumor within the pelvis, presain,^ upon the great 
nerve trnnks which supply the lower limbs, are good examples of snob 
lesions. In cases of peripheral paraplegia, severe pain ia generally a 
prominent symptom; indeed, the term • paraphilia dolorosa' \& almost 
ecjnivalent to paraplegia resulting from a peripheral lesion: a tumor 
pressing upon the cauda equina irritates the senaory fibres of the posterior 
roots; a tumor within the pelvis produces pain, by irritating the sensory 
fibres of the sensory- motor nerve trunks. In many cases of peripheral 
paraplegia, the condition termed antBsthesia dolorosa, is also observed, 
Irritativt phenomena, cramps, spasms, etc., are sometimes aeen in the 
paralyzed muscles. The reflexes may be at first increased, but are 
nsnalty diminished or abolished. The ailected muscles beoomo markedly 
atrophied. The diagnosis of peripheral paraplegia must be based upon: 
(1) the nature of the symptoms; and (3) the fact that there is evidence 
of local (peripheral) disease, such oa caries of the vertebne, a tumor 
within the pelvis, etc. 

Spinal hemiplegia.—This condition ha^ already been alluded to iu 
speaking of unilateral lesions. It uaually results from traumatic iu- 
jnries or compression of the cord. Occasionally it is produced by a 
lesion arising within the cord itself, such aa myelitis, polio-myelitia ante- 
rior acuta, or an intra- medullary tumor. 

Spinal hemiplegia ia easily distinguished from cerebral hemiplegia, 
by attention to the following points: — In spinal hemiplegia the face and 
tongue are not paralyzed. There is no derangement of the cerebral 
functions. Amesthesia is generally much more marked than in cerebral 
hemiplegia, and is situated on the opposite side to the motor paralysis. 
The skin on the paralyzed aide may be hyperaesthetic. The paralyzed 
mnscles may undergo rapid atrophy.' 

Spinal monoplegia. — This condition may result from traumatic in- 

:oursu depends upoa the position of the lesion witli regarJ Lu the 
In cerebral eaaea rapid atrnpLy doej not occur. 
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jury, or compression of the cord, or from polio-myelitis anterior acutiu 
It is to be distinguished from cerebral and peripheral paralyses aflecting 
one limb only. 

Cerebral monoplegia. — The distinction from spinal monoplegia is not 
difficult. In cerebral caBes there is no sensory derangement; the para- 
lyzed musclee do not undergo rapid atrophy; there are no qualitative 
electrical alterations. In the later periods, the paralyzed muscles, espe- 
cially the flexors, become rigid. The alteration of the reflexes corre- 
sponds to that met with in cerebral lesions. The history and mode of 
most of the attacks may be distinctrye. Other cerebral symptoms are 
usually present. Localized epileptiform convulsions, headache, vomit- 
ing, and optic neuritis, are often observed, for a cerebral monoplegia 
very generally depends upon a ' coarse ' cortical lesion. 

Peripheral tnonoplegia.—Thia condition may result from tranmatfe 
injury, or compression of the large nerve trunks of one limb. The sen- 
sory functions are profoundly affected; in the earlier stages there are 
usually pain and hyjierEestheaia, later anieathesia and analgesia occur. 
In severe cases, the paralyzed muscles are markedly atrophied. Tlie 
'reaction of degeneration' is present in acute coses. The reflexes are 
diminished or abolished, 

A tumor within the spinal canal may produce a monoplegia. Seu- 
aory disturbances, due to pressure on the posterior nerve roots, are 
usually well marked, and symptoms due to pressure on the cord itself are 
generally present. 

Spinal monoplegia (he renuU uf polio-myelitin anterior aruia. — Spinal 
monoplegia occasionally, though rarely, results from acute destruction 
of one anterior horn of gray matter, but the diagnosis iu these cases pre- 
sents no difficulties; in tiie great majority of cases the patient is a child; 
the onset is acute, and is attended with fever; the whole limb is seldom 
paralyzed; the aifected muscles are flaccid; scime of them undergo 
atrophy, and present the 'reaction of degeneration;' their refles£B are 
diminished or abolished. There are no marked sensory disturbances; 
the functions of the bladder and rectum are not interfered with. 

Step Xo. 3. — Supposing that the symptoms indicate disease of the 
spin-'l cord, we m/tst next determine whether they are genuine or not. 

Symptoms are seldom deliberately manufactured, but patients fre- 
quently exaggerate their complaints; sometimes deliberately, with the 
intention to deceive; in most cases more or less unconsciously. 

Deliberate exaggeration or imposture may bo suspected when there is 
no evidence of organic disease, and when there is some obvious induce- 
ment for deception. But a diagnosis of feigned disease should never bt' 
based on negative evidence alone. Such an opinion is only to be glTMi 
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^■hen it can be Hiipportt'd by some positivo fact or facts. Positive evi- 
■<ience of imposture may be fortbcomiiig iu the shape of auomalous 
fiymptoms; such, for example, aa the unnatural distribution of the 
p:iralyaia, or some niitrked peculiarity in t!ie mode of onset or course of 
the case; but the facts which lead to a definite opinion of imposture arc 
osaally fioji-medioal. 

8tep No. 3. — [tavinii come to the conclusion that the symptoms are 
genuine, we must next delerviine whether they are caused by functional 
demngemeat or by orgaitic disease. 

The decision is, in some cases, easy, in others difficult or impossible. 
Local muscular atrophy, the 'reaction of degeneration,' true spiual inco- 
ordination, and paralysis of the sphincters, are certain indications of 
organic disease; but the great majority of spiual symptoms occur both 
in organic and functional derangements. In doubtful cases, the differ- 
ential diagnosis can only he mode by tnkino; a comprehensive view of all 
the facts; by paying particular regard to the mode of development and 
gronping of the symptoms, and to the general features of the case. The 
presence or absence of disease in the other parts of the nervous system 
mast be carefully noted. The condition of the other systems and organs 
mnst, of course, be observed. 

In some cases it is impossible to give a decided opinion at the first 
Tifiit We must then be content to make a provisional diagnoais; to 
await the course of events; and to tiirow light upon the case by particu- 
lar modes of treatment (therapeutic diagnosis). 

The functional conditions which are liable to be mistaken for organic 
disease, are for the most part characterized by derangement of the motor 
nervo apparatus: cases in which the sensory functions are alone per- 
verted, seldom give rise to difficulty, hysterical paraphr/ia, paralysis 
depending upon idea, rejlex, malarial, and alcoholic paraplegia, are some 
of the best marked types. The differential diagnosis of e:ioh of these 
conditions will be considered in detail when the functional affections of 
the epinal cord are treated of. (See chapter IV.) 

Step No. 4. — Haviny come to the conclifsion that the symptoms are 
due to organic dig^ase of the cord, the final step in the diagnosis is to 
determine the exact nature of the affection which is present. We must 
not only give a name to the disease, but mnst endeavor to determine the 
special features which it present' in each individual case. 

In order to arrive at the desired result, we proceed in the fnllowiug 
manner: — 

(a) We first decide whether the lesion is extra-medullary or Intra- 
medullary. 

Tliis point is determined by the nature of the symptoms. The char- 
Mteristic symptoms of an extra-jasAuWaxy lesion result, as we have pre- 
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viously eeen (seo page 50, et seq.), from irritation of the senBory nerves 
in the membranes aTiiJ perioBteum, and from pressure on the anterior 
and poaturior nerve roots. They consist of: — pain referred to the regioQ 
of the Bpinal column, and increased on movement of the yertebrtt: 
eccentrio pains, hyperffistliesia and aniesthesia in the sensitive areas ot 
the compressed posterior roots; spasms and }iaralysia in the areas of the 
compressed anterior roots. 

Whon these sjTnptoms are observed, aii extra- medullary lesion i( 
present, iind we mnst look to the order of development of the symptom!! 
in order to determine whether the lesion is iirimary or not. (As a gen- 
eral rule, extra- medullary lesions are primary.) 

(b) Having dekrmincfl that the lesion is an extra-medullary one, \cf 
must next endeavor to ascertain Us pathological character. In seeking 
to decide this question, we must regard — 

1. The history. — The duration of the case, whether acute or chronic. 
is of great importance. Where the symptoms develop suddenly, wo haw 
to deal witli a dispiacement of the bone?, or witli a hemorrhage into the 
spinal canal. Where the onset is rapid, but not instantaneous, the cuw 
ia probably acute meningitis, bat it maybe displacement of the ven«- 
brse. In chronic cases, the symptoms may be due to chronic moningilis. 
or to slow compression. The supposed cause of the attack should alwa« 
be inquired into, a history of traumatic injury being especially impor- 
tant. 

3. Hie condition of the spinal column. — In fractures and diaplace- 
ments of the vertebra?, either from violence or disease, irregularities in 
the spinal column are sometimes, but not always present. Pain ami 
tenderness on percussion, and on movement of the vertebrffi, are valuable 
evidence of bone disease. In some cases of vertebral cancer, a tumor or 
enlargement of the bones can be detected. 

3, The associated diseased conditiom. — These are often distinctive. 
In a case of alow compre.8Bion of the cord, the presence of malignant dis- 
ease in the liver or pelvis would point to similar disease within the 
spinal canal. 

4. TJiB family history. — This may also give some information. In a 
case of meningitis, withont obvious cause, a strong family tendency to 
scrofula, would suggest the tubercular character of the lesion. 

(c) Wlien ike lesion in intra-medullary, we must endeavor to decide 
whether we have to do with a ' system disease,' or an ' indiscrimina'e ' 
lesion. By this means, we at once narrow the inquiry, for as the result 
ot experience, we kuow that certain morbid conditions aSect certajn 
physiological tracts. Where, for example, the symptoms show that the 
lesion ia confined to the anterior comu, we know that in all probability 
we have to deal, either with acute or sab-acute inflammation {polio-mye- 
litis anterior acuta or nuh-nr.uta), or with the chronic degenerative 
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cesB which eonetitutea the pathological subBtratiim of prot/rcgsive muscii- 
lar atrophy. 

(A) Having decided that tke disease depends upon a system lesion, 
we must next determine the pathological character of the morbid process. 
We regard the history and the mode of onset of tlie attack. When, for 
instance, the lesion ia confined to tlie region of tlie anterior comn, and 
when the onset ia iicute, we at once decide in favor of polio-myelitis 
anierior acuta. When the onset is very gradual, the probability ia tliat 
we have to deal with the typical form of progressive muscular atrophy. 
To he qaite certain, we mnst carefully ascertain the mode of development 
of the aymptoma, for there are two forms of this affection; a typical ' 
form, which commences in the great majority of cafies in the upper ex- 
tremity, and usually first affects the small muscles of the hand; and an 
irregular form, which first affects the muscles of the trunk, or those of 
the lower extremity. The typical form undoubtedly results from slow 
destruction of the motor nerve cells of the anterior oomu. The irregu- 
lar form is supposed by some observera to result from a primary lesion of 
the muscles. 

It ia always advisable to check the diagnosis, by observing the mode 
of development of the attack, and the exact character of the symptoms. 
In locomotor ataxia, for example, the motor in co-ordination is almost 
invariably preceded by lightning pains. Certain eye symptoms are also 
very frequent in the early stage of that disease, Inco-ordination occiir- 
rinr^ per «c, without lightning pains or eye symptoms, would probably be 
line to aomo other morbid process than the e.-ctremely chronic lesion, 
which constitutes the anatomical substratum of locomotor ataxia. 

(e) Having come to the conclusion that the lesion is an indiscriminate 
one, we must next endeavor to determine its exact pathological character. 
— In order to arrive at this result, attention must be directed to the fol- 
lowing points: — 

1, The mode of onset. — Sudden paralysis is due to a vascular lesion, 
such 08 hemorrbftge or embolism. Rapid, but not instantaneous lesions, 
may be vascular, biit are usually inilammatory. Chronic lesions may be 
due to chronic inflammation, simple softening, or some degenerative 
process. Under the last head, we may include the morbid process, 
which I have previously described as sflerosis, commencing in the con- 
nective tissue (interstitial sclerosis). In rare cases, new formations arise 
within the spinal cord itself; the symptoms usually develop slowly; in 
some cases acute sym])tonis, <lue to hemorrhage or infiammation around 
the growth occur. 

S. The associated diseased conditions, which sometimes give a clew 
to the nature of the morbid process; in myelitis, for example, the pres- 
ence of associated syphiUtic aymptoms would suggest a ' specific ' char- 
l^dla^or the cord lesion. 
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3. The effects of treatment, which may alao afford information as to 
. IJie nature of the morbid process, especially in syphilitic cases, 
I 4. Tlie grouping of the symptoms. — naving ' wampd ' the disease, we 
V'Can in many casea tell the nature of the morbid process with which we 
l^liBve to deal. In cerebro-spinal sclerosis, for instance, the ciimcal pic- 
I 'tnre is usually quite distinct; and we know, as the result of experience, 
1 "that the anatomical siibstratura of that affection is an interstitial eclero- 
sis of a Tsry chronic and incurable character. 

To sum np, then, the plan of the diagnosis ia aa follows: — 

Step No. 1. — Make certain that the aymptoms do not depend upon 
a cerebral or a peripheral lesion. 

Step No. 2,— Where the symptoms indicate disease of the spinal cord, 
determine whether they are genuine or not. 

Step No. 3, — Where the symptoms are genuine, ascertain whether 
they are due to functional derangement or to organic disease. 

Step No. 4. — Having decided that the symptoms are dne to or^anio 
disease, nest determine- — 

a. Whether the lesion is tfar/rrt-medullary or infrn-mednllary. 

b. If w^ra-medullary, the pathological character of the morbid pro- 

c. If la^ra-medullary, whether the lesion is a 'ayatem' or 'india- 
criminato ' one; and the pathological character of the morbid process. 

THE PBOGNOSIS. 

In a case of spinal cord disease, we must be prepared to express an 
opinion as to : («) the probable termination of the case; (5) its dura- 
tion; and (c) whether it will nnfit the patient for his business occupa- 
tion or not. 

Oitr opinion on these points must be guided by: 

1. The parfirnlar form of disease, and the nature of the ntori>id pro- 
ce/rn. 

As a matter of experience, we know that ' functional ' disorders are 
neTer fatal; and that, in many cases, they are quickly recovered from. 
We alao know that some affections, such as iufantile paralysis, lead to 
permanent paralysifi, but do not tend to destroy or shorten life; and 
that other diseases are of long duration, but sooner or later prove fatal. 
Locomotor ataxia, and progressive muscular atrophy, are good examples 
of the la;t group. 

Some affections, which are incompatible with an active outdoor cx-cu- 
pation, do not necessarily unfit the patient for literary or clerical work. 
The late distinguished Professor of Anatomy in the Edinburgh Univer- 
sity — John Goodsir — wag affected, for many years, with locomotor ataxia, 
and, until shortly before his death, carried on the onerous duties of the 
professorship. 
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le exact pathological cliaracter of the morbid process is often of 
considerable importance from a progiioatic point of vk-w, A syphilitic 
myelitis, for example, is not infrequently recovered from; while a tuber- 
calar meningitis is almost always, and a cancerous meningitis is (?) 
inTariably fatal. 

2. The gevtriti/ of the affection in the special riite under observation ; 
Ihe effect g which it has already produced ; the rapidity with which the 
morbid process is being developed, and the direction in which it is extend- 
ing. All of these points are of great importance, and must be carefully 
observed in ecch individual case. 

In infantile paralysis, for instance, the severity of the lesion varies 
immensely in different cases. The prognosis, in that affection, is chiellj 
determined by observing the extent of the paralysis, and the number of 
muscles which have undergone 'rapid atrophy,' and which present the 
'reaction of degeneration.' 

Again, a myelitis which involves the lower end of the cord, and which 
is attended with paralysis of the sphincters, and with cystitis, is very 
mnch more serious than a myelitis in the lower dorsal region. \VTiere 
the upper cervical region is affected, the prognosis is still worse, for the 
diaphragm will probably become paralyzed, and surioua complications on 
the part of the respiratory organs will then result. 

The fact that the disease is developing rapidly, makes the prognosis 
more serious. Whero the morbid process is extending towards the 
medulla, a fatal termination is probably near. 

In each case, the individual symptoms must be taken into account. 
In locomotor ataxia, for example, the early occurrence of optic atrophy 
unfits the patient for any business occupation, and, in some respects, 
makes the |>rognosis very serious, hut it does not necessarily show that 
the case will progress rapidly, or tend to materially shorten life. In- 
deed, in some cases of locomotor ataxia in which optic atrophy develops 
early, and in which the lightning pains are very severe, the duration of 
the first stage is unusually long; in one case at present under my own 
observation, there is no ineo-ordi nation, although the symptoms of the 
first stage have been typically developed for more than twenty years. 

3. The result of treatment. — This sometimea give valuable informu- 
tdon as to the future course of events, Eapid improvement under anti- 
syphilitic treatment is a hopeful indication. 

4. Tiie menial temperament of the patient; his circumstances and 
surroundings. — These are also points which must be carefully con- 
sidered. 

Some patients will not submit to a long continued course of treat- 
ment, and the restraints in sexual and other matters, which are often 
necessary. Others cannot place themselves in the best possible position 
for recovery; they cannot guard themselves against cold and exposure; 
Ihey mast, of necessity, submit to business worries, and the anxieties 
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which are entailed by an arduous Btmggle for existence. Some persons 
bear these mental aniieties fairly well, but, epeaking generally, the pres- 
ence of any mental trouble or worry makes the prognosis much more 
unfavorable. 

5. The presence of complicalions. — This is a very important elemenl 
in the prognosis. Each case must, of course, be judged in aocordauw 
with the special nature of the complication which is present. 

To sum up, the opinion as to the future course of the case is deter- 
mined by the following points: 

1. The particular form of cord disease, and the pathological nature 
of the morbid process, 

3, The severity of the affection in the special case under observation; 
the effects which it has already produced; the rapidity with which th? 
morbid process is advancing, and the direction ia which it is extending. 

3. The effects of treatment. 

4. The mental temperament, the circumstances aud surroundings of 
the patient. 

5. The presence or absence of complications, and their nature. 
Such are the general grounds on which the prognosis is to be baaed. 

The special circumstances which determine the opinion in the individnal 
affections of the cord, will be afterwards considered. (See chap. IV.) 



TKEATUENT. 

It must be confessed that the treatment of many affections of the 
cord ia eminently unsatisfactory. The treatment of the individual dis- 
eases will be afterwards considered. The general indicalions for ItmI- 
ment and Ihemode of carrying them out are as follows: 



\»t Indication. Remove the cause. 

It is seldom possible to carry out this indication in practice. In 
some fuuctiomU disorders it can bo accomplished, as, for instance, in the 
derangements of the cord which result from sexual excess, from alcohol. 
from malaria, or from reflex irritation. In some cases of hysterical 
paraplegia the treatment of the general condition is followed by a cure 
of the local condition, i. a., the paralysis. 

In some cases of displacement of the vertebra, we can, by attention 
to the position of the parts, and by the application of rigid supports 
(Sayre's jacket, etc.), remove the presaiire from the cord, and so relieve 
many of the nervous symptoms. 

Abscesses near the spinal column should always be evacuated, under 
strict antiseptic precautious, In aevora! eases, I have seen remarkable 
improvement in the nervous symptoms follow the opening of an absoegB 
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which was 'pointing' lit some little distance from tbe ipmi 

Tha abscess sac had evideatly, in these cases, pressed upon the cord and 

its membranes. 

The remoYal of extra- medullary tumors is not jot a recognized plan 
of treatment. This is partly owing to the uncertainty of diagnosis, and 
partly to the serious nature of the operation. The difficulties in diag- 
nusie are disappearing, and, thanks to antiseptic surgery, we can now 
undertake operations which were formerly unjustifiable, i wonid advise 
an operation in any case in which the symptoms were urgent; in which 
the diagnosis clearly indicated the presence of a tumor; in which there 
vm no evidence of malignant disease; in which the exact position of the 
growth could be localized; and in which a vigorous anti -syphilitic treat- 
ment had failed to produce beneficial results. 

id Indication. — Endeavor /a arrest ami alia j/ the morbid process ; and 
aid nature to repair the damage. 

ilamorrhage. — Where the symptoms indicate hfflmorrhage into the. 
substance of the cord, or into the spinal canal, the usual plan of treat- 
ment for an internal hiemorrhage is to bo adopted. Deta,ils will be given 
in tre-ating of intra-medullary and extra -medullary haemorrhage. 

Infiammatory affections. — In acute inflammation either of the cord 
■or its membranes, the patient should be placed at perfect rest in the 
prone position; leeches or cups, and then ice-bags should ho applied to 
the spinal column; ergotine, in full doses, should ho given subcntane- 
onaly, with the object of producing cnntniction of the blood-vessels; 
belladonna may also be employed for the same purpose. Where there is 
much pyrexia, febrifuge remedies, especially full doses of quinine, should 
be prescribed. 

In Bubacute and chronic inflammation, rest is to be enforced; coun- 
ter-irritants (iodine, blisters, or the actual cautery) are to be applied on 
each side of the vertebral column; ergotine and belladonna should he 
given internally. When there is reason to suspect a syphilitic taint, 
iodide of potassium and mercury must, of course, be given. Mercurial 
inunction often most useful, an ointment consisting of one part of Dr. 
Shoemaker's oleate of mercury mixed with three or four parts of lard is 
a very convenient form, a piece the size of a small marble may be rubbed 
into the akin of the thighs or trunk. In tubercular cases the general state 
of nutrition must be attended ti<; in chronic cases, cod -liver oil, lacto- 
phosphate nf time, and the compound syrup of phosphates may be 
given. 

After the acute stage of the infiammatory process has subsided, when 
secondary degenerative changes are progressing, and in the very chronic 
spinal affections, such as locomotor ataxia, we do what we can to arrest 
the morbid process, and to aid nature to repair the damage. 
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Tho general health must be carefully regulated; the diet ehould W 
simple and nutritious, and the patient should live out of doors as mucii 
ns possible; a locality should bo selected in which the air is pnre and dry; 
eirtremes of heat and cold are to be ayoided. It is particularly impor- 
tant to attend to the proper ventilation of the sleeping and sitting 
apartments. 

Functional excitement of the cord must, so far as possible, be pre- 
vented. Sexual indulgence should generally altogether be prohibited. 
Befles irritation is also to be avoided; patients sontetimes find thia ont 
(or themaelves; in a case of spastic paraplegia, for example, which was 
recently under my care, the patient informed me that tho rigidity, girdle- 
sensation, and difficulty in walking, were always much increased when 
the bladder bec.ime distended, When spastic symptoms are prominent, 
a minimum of exercise is to be allowed. Kemediea which are sapposi'ii 
to favor the absorption of thickened tissues, and to aid in the restoration 
of the nervous elements ' are to bo given. Iodide of potas?inm, mer- 
cury, and the constant (galvanic) current are tho mo.st valuable remedios 
for this purpose. Arsenic ia very beneficial in some chronic cases; it 
seems to act as a nervine tonic, but ia, I think, chiefly useful in those 
cases in which there is general aniemia, Kemedies, which experience 
has found to be beneficial, such as nitrate of silver, should aLsa be ad- 
ministered. Counter-irritation, especially the actual cauterj-, ia useful 
in many of these chronic cases. 

Where the affection of the cord is secondary, the primary disea.^- 
(Pott'a disease of tho vertebra?, aneurism of the aorta, etc.) must be 
treated in the usual manner. 

TfiB galvanization of the spinal cord. — The application of the constant 
(galvanic) current to the spinal cord, seems to favor the absorption of 
inflammatory products, and to aid in the restoration of the spinal func- 
tions. 

In applying tho constant current to the spine, with the object of ob- 
taining its so-called catalytic (tonic and restorative) effects, the following 
points must be attended to: ' 

TliB position of the electrodes. — Both poles should be placed over the 
spinal column, in gnch a manner as to include tho diseased portion of 
cord between them. Where a long portion of cord is involved, as in 
most system diseases, one pole should be placed over the upper cervical 
region, tho other over the lumbar enlargement. When the lesion is cir- 
cumscribed, as in most indiscriminate lesions, the poles should be aji- 
prosimated: both poles may be applied over the spine behind, or om- 

' Nerve tubes can certainly be restored. Nerve cella which have e 
eompletely deatroyed, probably remain bo Torever. 

' For further details the reader ia referred to special works on n:iedical e 
trinity and to Erb's article on thia subject (Zitmsseii's Cycloptxdia, vol. : 
176), to which I am indebted for ii]a.ny of the following details. 
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may be placed on the front wall ol the abdomen or on the Bternum, 
When both electrodes are applied to the vertebral column, one pole 
should he kept stationary, while tlie other is slowly moved up and down 
the spinal columu, care beiup taken to keep it in firm contact with the 
skin. By this means all parts of the cord can be brought under the in- 
fluence of the current, while variations in the strength of the current, 
and the resulting pain and muscular spasms (shocks) are avoided. 

JTie strength of current.— The current should be the strongest which 
can be comfortably borne by the patient. In order to avoid pain and 
irritation of the skin, the electrodes must ho large. Professor Erb 
recommends electrodes measuring at least four by two inches. The skiii 
must be made thoroughly raoiet. All sudden variations in the strength 
of the current, especially interraptions and reversals, are to bo avoided. 
When the electrodes are first applied, the current should be a feeble one; 
it should then be gradually increased until the required strength is 
reached. 

7^8 direction of the current does not seem to be of any importance. 

Duration and frequency of application. — The current maybe applied 
every alternate day. Each sitting should last for abont five minutes. 
The treatment, in order to be effectual, must be continued for several 
veeks, or even months. 

3rf Indication. To relieve the xijmpiom.^. 

Tfaia ifl a most important indication. In many cases the relief of 
eymptoms constitutes the main part of the treatment, for, as I have pre- 
viously remarked, the therapeutic measures which wo at present possess, 
are often inadequate to effect a cure. 

Pain must bo allayed by the usual anodyne remedies. Opium and 
morphia are of course the chief. In cases of spinal meningitis, these 
drugs shonld be combined with remedies which allay spasm. Bromide 
of potassium alone, or in combination with opium or morphia, is useful 
in the pains of locomotor ataxia; the constant current also exerts a de- 
cided anodyne effect in some cases. Stretching the sciatic nerve has 
recently been recommended in the treatment of locomotor ataxia, but I 
have no personal experience of it. The cases which have been reported 
seem to show that it relieves the lancinating paina, but does not produce 
any decidedly beneficial effect upon the course of the disca::c. In some 
cases, serious, even fatal results have followed the treatment. 

Spasm. — Where spaj=m is a prominent symptom, the patient should 
be kept at perfect rest in that position which he himself instinctively 
selects. All movements and external irritation is to be avoided. The 
bhidder must be regularly evacuated. Warm applications to the spine 
are, as a rule, pleasant to the patient. Bromide of potassinm, opinm> 
hydrate of chloral, are the most useful drags. 
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Paralysis. — The nutrition of the paralyzed mitsclefl must be car&- 
fwlly niaintai0ecl. Friction, shampooing, and, above all, the electric 
current, are the means which we employ. 

The electrical Irealmenl of paralyzed muscles nnd nerves. — In neing 
■electricity for this purpoBC, the rule is to employ that form of current 
to which the paralyzed muscles most readily respond. When the mus- 
cles react to the interrupted current, it is the best form. When the 're- 
action of degeneration ' is present, the slowly interrupted galvanic cur- 
rent must be employed. Each muscle should be regularly exercised. 
One electrode may be placed over the motor point (see page 79, et seq.), 
the other slowly moved up and down over the affected muscle. Three 
sittings a week are sufRcient in most cases. 

Where the paralyzed muscles are flaccid, strychnine may be given- 
Iron, arsenic, and cod-liver oil, are also useful in the same class of caaes. 
Strychnine should never be given where there is the slightest tendency 
ti spasm or rigidity; it ia useless, and often hurtful under such circum- 
stances. 

Where spastic svmptoms are present, ergot, belladonna, nitrate of 
silver, and iodide of potassium, are the most useful drugs. The rigidity 
ilself is best relieved by chloral hydrate, and bromide of potassium. 

In cases of partial paralysis, and especially in those cases in which 
the muscles are flaccid, the patient should be encouraged to make volun- 
tiiry efforts. Where attempts at voluntary movement cause an increase 
of spasm or rigidity, rest should be enjoined. 

Paralysis of the bladder and rectum. — In cases of retention (paralyaia 
of the detrusor), the urine must be regularly drawn off by the catheter. 
Obstinate constipation must be relieved by purgatives and enomata. 
Paralysis of the bladder or intestine ia to be treated in exactly the same 
manner as any other form of paralysis. When the sphincters are para- 
lyzed, great care must be taken to keep the patient clean and ilry; when 
he is able to move about, an india-rubber urinal should be worn; when 
he is confined to bed, Professsor Chiene's siphon arrangement may be 
tried. ' 

' ProfcBBor Cblene gives the following description of the apparatas; 'The 
method adopted, after various experiments and trials, was as follows: — A ^m- 
elastic catheter is introduced and fixed to the penia with stic lung-plaster. Care 
is taken that the eye of the instrument ia just within the neck of the bladder. To 
this catheter an india-rubber tube is fixed, of sufficient length to reach, without 
being strained, over the aide of the bed to the floor. It then pusses into a bottle. 
The bottle and tube are filled with carbolized water before attaching the apparatuH 
to the catheter. Care is taken that no air can get in at any of the joints. It is 
well to introduce a piece of glass tubing at a convenient part for observing the 
direction of the flow. In order to keep the india-rubber tube steady in the bottle, 
a piece of glass tubing is attached to its extremity. If the glass tube extends 
beyond the neck of the bottle, any folding of the india-rubber tube at this point 
will be prevented. It will be evident that a siphon action is in this way 
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In applying ehctrCcily to the bladder, one pole may be placed over 
the pubes, the other on the perineum, in front of the anua. if this fails 
to effect a cnre, one pole may be introduced into the bladder, a properly 
insulated catheter electrode being nsed. 

In employing the constant current in this manner, care must be 
taken to prevent any injurious action on the mucoua membrane of the 
bladder. The current should be a weak one. It is generally desirable 
to inject a small quantity of water into the bladder before introducing 
the catheter electrode, so as to diffuse the current over the interior of 
the organ. 

Priapism seldom calls for special treatment. Camphor and bromide 
of potasainm may be given in Bevere cases. 

Bed-sorea must be treated on ordinary surgical principles. 

Deformities and contractures. — Deformities may sometimes bo re- 
moved by the division of rigid tendons. Professor Volkmann recom- 
mends the resection of the knee-joint in those cases of old standing in- 
fantile paralysis in which the muscles of the leg and thigh are paralyzed 
and atrophied, and in which the muscles of the hip are only slightly 
affected. The object of the operation is to weld the bones of the lower 
limb into a tirm continuous support on which the patient can walk, in 
the same manner aB a patient walks on a wooden leg after amputation 
-above the knee. 

lishcd, with a HUCtioQ power the atrenji^h of which depends on the height of the 
-coluinn of water, and which will draw ilie urine ioio the eye of the catheter as it 
puBwa drop bf drop from the openings of the ureters into the bladder, and a con- 
etaot alow current of water will pass along the tube into the Ixittle. The bottle is 
allowed to overflow into a baain, which, as it fills, can be emptied by the nurse 
without any risk of displacing the apparatus. The bladder is kept constantly 
empty, with the exception of two tiny streams of urine from the ureters to the 
eye of the catheter. Care must be taken not to have too great a fall, or the snc- 
lioD of a piece of mucous membrane into the eye of the catheter will cause un- 
ensinesB and plug the catheter. The height of the hospital bed is generally suffi- 
cient, and in some cases even a less height is all that ia required. . . . Mh, The 
habitual night and morning raising of the bottle is, in the majority of cases of 
clirouic cystitis, sufficient to keep the catheter clear of mucua and prevent plug- 
ging of tlie inntrument. ^th. How the catheter should be fixed to the penis. In 
tyiog in a flexible catheter, which adapts itself to the curves of the urethra, the 
bvst way, in my experience, is to fix a strip of sticking-plaster to the catheter 
firmly with silk. This strip passes down either side of the penis, A piece of 
boracic lint ia wound round the catheter at the meatus urinarius, under the strip 
of sticking-plaster. Another strip of sticking-plaster is wound round the penis, 
over the atrip paasing down the aides of the organ. After it has been round 
twit*, the strip passing along the sides of the organ is turned back towards th« 
point of the penis, and then two more turns are applied over it; it is then turned 
down again, and t«'0 more turns are applied. In this way the catheter is practi- 
cally incorporated with the penis. I have always used common sticking-plaster; 
the rubber plaster might, however. I think, with advantage take its place.' — 
Edinimrgh Medical Journal, Deo., 1880. 
10 
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iih Indication. To prevent complications. 

Bed-sores. — It is not always possible to prevent the occurrence of tl 
acute bod-sore, which, as we have previoiisly seen, is probably a direci 
result of the cord lesion. The ordinary form of bed-sore, which is dne 
to irritation of and pressure on skin, the vitality of which is lowered, 
can generally bo avoided. The main objects are to prevent coutiuuous 
pressure on any one point, by placing the patient on a water-bed, and to 
attend to cleanliness. If deeomposing urine and f^cea are allowed to 
remain in contact with the skin, gangrenous inflamnmtion will almost 
certainly result. It mnst be remembered that, in consequence of the 
aniestheaia, the patient may be quite unconscious of hia condition : it is 
the duty of the nurse to feel for him in such circumstances: the liack 
and hips should be frequently examined: the skin may be daily bathed 
with a spirit lotion : if a blush appears, the patient must be so placed 
that all pressure is removed from the affected part. 

Cystitis. — In some cases the urine decomposes, and cystitis results 
within a few hours after the cord lesion. This form of cystitis is exactly 
analogous to the acute bed-sore, and fannot be avoided. 

To prevent the ordinary form of cystitis, the greatest attention must 
be paid to the condition of catheters and bougies, No instrument 
should be introduced into the bladder unless it has been thoroughly 
disinfected. 

Pulmonary complicatinns.^Bronchitis, pneumonia, and other pul- 
moiiary complications are very apt to arise towards the end of clironic 
cases. To avoid these accidents, the patient must be guarded against 
exposure to wet and cold, and other depressing influences. 

Contractures and deformities. — The position of paralyzed limbs must 
be carefully attended to, and passive movements should be regularly 
made ; by these meaus contractures and deformities can often be pre- 
vented. 

Mechanical appliances are sometimes required. In some cases it is 
necessary to have recourse to tenotomy, but this is rather a remedial thaa 
a preventive measure. ^^| 

bth Indication. To treat complications. ^^| 

Phthisis, kidney disease, and other general complications, must 
be treated on ordinary medical principles. The treatment of those com- 
plications which result from the cord lesion, has been already alluded to. 



Qth Indication. To prewnl the recurrence of the disease. 
Organic affections, which are recovered from, seldom recur ; 
tioQal affections often do so. Provided that we know the cause of the 
attack, and can get the patient to submit to proper preventive mea- 
sures, we can often, in functional affections, ward off a second attacki 
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To sum up^ the indications for treatment are as follows: — 

1. Bemove the cause. 

2. Endeavor to arrest and allay the morbid process^ and aid nature to 
repair the damage. 

3. Believe the symptoms. 

4. Prevent complications. 

5. Treat complications. 

6. Prevent the recurrence of the attack. 
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CHAPTER IV. 

TABDLAE CLASSIFICATION OF THE DISEASES OF THE 8PI!rA.L COBD — 
DESCalPTION OP THE INDITIDCAL AFFBCTI0S8. 

The individual affectiona of the spinal cord, which we are nov in a 
position to take up in detail, may be divided into functional derange- 
ments and organic diseases; and since in any given case it is impossible 
to come to a positive opinion, that the symptoms ure merely due to fnnc- 
tional derangement, antil we havo satisfied ourselves that there is no 
e\'Jdence of organic disease present, it is advisable, in the Qrst place, to 
consider the organic diaeases. After the reader is thoronghly familiar 
with those aSectiona ((, e-, the organic diseases), he will more readilv 
understand the functional derangements, and more readily appreciate 
the difficulties which attend their recognition. 

Ou the following page a tabular classiiication of the diseases of the 
Bpinal cord will bo found. It will be seen that I have placed cases of so- 
called ' concussion of the spine ' in a separate group by themselves, mid- 
way between the organic diseases on the one hand and the functional 
affections on the other. In some cases of so-called concussion of the 
Bpine, theru are very marlied organic ciianges which usnally depend npon 
fractures or displacements of the rertebrieor extravasations of blood into 
the spinal canal, or (much more rarely) into the spinal cord itself, and 
are not due merely to concussion or shock ; in others, and under this 
head wo may, I believe, safely include the large majority of cases of 
' railway spine,' there are no organic lesions, but the symptomB a 
tirely fnnctional in character. 



TABULAR CLASSIFIOA TTON OF THE DISEASES OF THE SPl.VAL COED. 




IIK II ' " ' 

11 




s if ? S" g s g-5.-3 g ? »■ 

l?§is.|l§|'jg|5B'i |?i S f 

S|53sasa3|-|.|.||||; I . 

-^ s!||||||l i-j il|~ ■ ■ 



a3S 

sis I |jg,r? fi 



iS 5 I §81. §8 






POLIO-MTZLiTIS AJfTEEIOE ACUTA. 
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1. Acute inflamnia- 1 

tiaD[PolJO'my- [ (a) InfEutile. 
elitis anterior i (6) Adult, 
acuta). J 

2. Sub-acute inflammation. 

3. ProgreHsivu muacular atrophy. 

4. Pseudo-hypertrophic paraljsiH. 

1. Extension of the lesion from th? 

laieml column, as in amyotio- 
phic lateral sclerosis, prunarj 
lateral ecleroBis, and aesceud- 
i[i); de^nerations of the crossed 
pyramidal tract. 

2. Extension of the lesion from tbe 

posteroexternal column in lo- 
comotor ataxia. 



(The anterior comu may, like any other part of the 
transverse section, be alTected by indiscriminate le- 
sions. Other parts of the transverse section are 
usually involved; the symptoms are then com- 
pound, being partly due to the lesion of the ant^ 
rior cornu, partly to the lesion of the other 
wliich bappeu to be affected. 



:orDU of gray mat- 
(n) infantile; {b) 
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POLIO-MYELITIS ANTERIOR ACUTA. 

Definition. — Aciito inflammation of the anterior con 
ter (;roAiOS, gray, aud fiveXoi, marrow). Varietie 
adult. 

INFANTILE VARIETY. 

Synonyms. — Infantile paralysis : Essential paralysla of cliik 
Acute Btrophic spinal paralysis of children. 

.Etiology and Genebal Considerations.— The 
common between the ages of one and four yeara. The majority of cawe 
occur during warm weather (summer and autumn), but the exact cause 
or canseB of the affection are obscure. In aomo casea it seems to result 
from a chill during dentition; it occasionally foUowa an attack of scarU- 
tiua, measles, or some other febrile affection; in a few cases it is appa- 
rently due to traumatic injury, but tiiis is qnite exceptional; nurses are 
Bometimes most unjustly blamed because the paralysis is supposed to be 
due to a fall. Dr. Buzzard thinks ' it is more common than not for the 
disease to attack fino grown hearty children.' ' The affection seems rare 
in some parts of the country, Dr. Wallace, of Parsonstown, in Ireland, 
for example, tells me that during a period of thirty yeara he has never 
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met with a eiagle case, and ke knows no adults iu hJa district who are 
cripples in coDsequence of the disease. Tho affection does not seem to 
be hereditary, but Gowera states that he haa ' been strongly impressed by 
two or three cases, in which the other membei-s of the fannilies have suf- 
fered from other acute affections of the nervona system.' ' 

Pathology asd Morbid Anatomy. — The morbid process, as the 
term poUo-myditm anterior acuta indicates, ia an acute inflammation, 
which ia usually sharply defined and practically limited to the region of 
the anterior comti. The part of the lateral column adjacent to tho an- 
terior cornu is probably in some cases also slightly involved. The seg- 
ments, composing the lumbar and cervical enlargements, are the parts 
of tlie cord iu which tho lesion is nsnally situated; in many cases the 
morbid process is confined to the lumbar region only, but it may involve 
one or both anterior cornua in one or both of these sitaations. 

The function of tho multipolar nerve cells (the essential constituents 
of the anterior cornual region) is quic/cli/ interrupted; some of the nerve 
cells are absolutely destroyed, tho muscles, wJiich they supply, undergo 
rapid atrophy, and are )jermanently paralyzed; other nerve cells are for 
a time disabled, hut ultimately recover; the muscles which they supply 
are temporarily paralyzed. 

The histological characters of the cord lesions. — Almost all authori- 
ties are at one in thinking that the leaion is inflammatory. Opinions 
differ as to whether the inflammation commences in the nerve elements 
or in the connective tissue and blood-vessels, but it ia probable that in 
this, as in other acute inflammations, there are from the first, vascular 
lesions, and that the structural changes in the nerve elements are secon- 
dary or coincident; all authorities are agreed that the ultimate effect Of 
the inflammatory process is to cause acute destruction of the multipolar 
nerve cells; atrophy of their axis cylinder processes, of the anterior root 
fibres, and of the mnscnlar fibres to which they are distributed, neces- 
sarily follows. The disease is rarely fatal; it is seldom, therefore, that 
an opportunity of observing the condition of the cord, in the early stages, 
occurs. In the few cases which have bceu examined, soon after the onset 
H)f the affection, an area of inflammatory softening was found in the lum- 
bar or cervical regions of the cord. 

The microscopical examination, in recent cases, shows the usual vas- 
cular changes which are present in acute myelitis (see page 199); the 
nerve elements are more or leas disintegrated; many of tho nerve cells 
lave entirely disappeared; eomponnd granular corpuscles and oil glo- 
bules infiltrate the softened tissue and adhere to the outer coats of the 
Teasels; the connective tissue elements iu the neighborhood of the in- 
flamed jiart are proliferating, nuclei and leucocytes are scattered 
throughout the surrounding tissue. 

■ Britfah iltdical Journal, May 20, 1883, p. 739. 
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At a later stage the Bofteaing is less marked, or has entirely disaii- 
peared. The nerve cells are in great part destroyed, and are here aad 
there replaced by oil globules. Tiie vessels of the affectgd part are 
dilated; and ths connective tissue elements increased. Ultimately the 
affected cornun Ijecome atrophied and sunken, as is represented in fig. 
100. In some cases the connective tissue trabcculua in the part of the 
lateral column adjacent to the affected portion of the gray matter are 
thickened, and some of the nerve tubes may be atrophied. 

The chromo -lithograph plates (figs. 101 to 106 inclnsive) illnstrato all 
the more important pathological characters of the lesion. The sections 
were made from a cord which, through the kindness of Prof, D. J. 
Hamilton, I was enabled to examine when working in the pathological 
laboratory of the Edinburgh University. 

The patient, a boy, aged two and a-half years, was admitted to tba< 
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North-Eastern Hospital for Children, London, under the care of Dr. 
E, Sansom, on the 31st of March, 1879, suffering from infantile paraly- 
sis, and died from diphtheria on 9th May of the same year. The attack 
of paralysis was of four and a half months' duration. It was incom- 
plete, and chiefly involved the right lower extremity. 

Microscopical exnminntiun nf the spinal cord in Dr. Sansom'a Case. 
— The lumbar region of the cord presented the typical appearances 
which constitute the lesion of infantile paralysis. The nerve celle at 
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Beat of the leaion were replaced by fatty globules; a considerable nitniber 
of leucocytes were scattered through the anterior coraua, and, indeed. 
through the gray matter generally; the connective tissue corpuscles of 
the gray matter were more numerous than in health; some of the blood- 
vessels in the anterior cornua seemed abnormally largo and dilated; fatty 
globules, similar to those replacing the nerve cells, were adherent to the 
outer coat of some of the vessels. The white columns of the cord were 
perfectly healthy. 

The morbid hisloliigy of the paralyteil muBchs. — The muscular iib res. 
which are most seriotisly affected, gradually lose their transverse Btriie, 
and are infiltrated with oil globules; their nuclei are more numerous 
than in health; the interstitial fibrous tissue is increased in amount; 
other muscnlar fibres undergo simple atrophy; others again remain nor- 
mal. 

In advanced cases the interstitiid fibrous tissue becomes more dense 
sod cicatricial, and the muscular fibres are reduced to thin transparent 
bands, dotted here and there with nuclei. lu exceptiouol cases the inter- 
stitial fat is In excess, 

MonE OF OssKT, Symptoms, and CouE.sf:.— In some cases /iremwM- 
Uory symptoms, consisting of general malaise, irritability of temper. 
alight febrile disturbance, muscular twitchlngs and tremors, etc, are ob- 
served, but in most cases the onset is abrupt. 

The affection being an acute inflammation, is usually ushered in by 
more or has febrile disturbance. In some cases tlie elevation of tempe- 
rature is rapid and considerable; and the onset is then attended with those 
symptoms which are associated with rapid elevation of temperature in 
the child, viz., lieat of skin, quick pulse, flushing of the face, muscular 
twitchings and tremors, epileptiform convulsions, mild delirium or (ex- 
ceptionally) coma. In other cases the pyrexia is slight, and the general 
symptoms comparatively trifling. The febrile process is usually of short 
duration, lasting from a few houra to some days. 

Atter the pyrexia has continued for a short time, the characterinlie 
paralytic gympttymn are developed. Occasionally the paralysis occurs 
during the night, and the febrile disturbance may be so slight as to es- 
cape notice; in other cases the febrile symptoms absorb attention, and 
the paralysis is not noticed until the pyresia has subsided. The essen- 
tial feature of the paralysis is that the highest degree of motor impair- 
ment is at once reached, any subsecjuent changes being in the direction 
of improvement. 

The distribution of thft paralysis varies in different cases, and de- 
pends upon the exact extent and situation of the lesion, In many cases 
the diatribution is paraplegic (some muscles of both lower cxtremitiea 
being affected), in others, all four limbs are involved; occasionally the 
distribution is monoplegic, and still more rarely hemiplegic. According 
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to Buzzard, the musclee of tlie trunk are not infrequently affeoted;' the 
same writer states that in Tery exceptional cases some of the muscles sup- 
plied by the medulla oblongata and pons are paralyzed." 

All the muaclea of a limb are very rarely affected; some muBcIes or 
parts of muscles usually escape; and it is important to remember that 
the paralysis attacks muscles and parts of muscles which are functionally 
related. This is exactly what we should expect on the supposition that 
the motor nerve cells of any given segment represent a functional group- 
ing of muscles; in other words, destruction of any given anterior cornu 
will not produce paralysis of one muscle, but paralysis of several muscles 
or parts of muscles which functionate in concert. Professor Remak ' 
has described several types; in the upper extremity, for example, an 
' upper arm type,' in which the supinator longus, a muscle of the fore- 
arm, is affected along with the brachialis auticns, biceps and deltoid 
{muscles of the upper arm); and a 'forearm (i/pe,'in which the snpina- 
tor longus escapes, but in which the extensors of the wrist (muscles of 
the forearm) are affected, 

T/re condition of the parah/zed muscles. — The paralyzed muscles s 
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' Loc. cit. p. 44. 

• ArchivegfUr Pgychiatrie. 13T9, 
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flaccid; some of theni (those coDnected with nerve cells which are 
serionsly injured) undergo rapid atrophy, and present the ' reaction of 
degeneration.' The reflexes are much impaired or entirely abolished, as 
shown in fig. I07. ribrillary twitchings are usually seen in the paralyzed 
parts. 

There are no marked sensory disturbances, though in some cases 
muscular pains and tenderness on pressure over the affected muscles are 
observed; ' the functions of the bladder and rectum may for a few hours 
or days be temporarily arrested, but are never permanently interfered 
with; trophit' disturbances in the skin do not occur." 

Exceptional cases. — Very exceptionally, as Dr. Buzzard has pointed 
out, mnscles supplied by cranial nerves, such as the fat-ial, are affected," 

Progress of the case. — A certain amount of improvement almost in- 
variably occnrs. but it is quite exceptional to meet with complete recov- 
ery; aome muscles usually remain permanently atrophied and paralyzed, 
and in severe cases a permanent paraplegia or monoplegia remains. 

The temperature of the paralyzed and atrophied liraba is permanently 
lowered; the development of the bones is often arrested, and the joints 
become unduly mobile; deformities and contractures, such as club-foot, 
frequently result, and are usually due to cirrhotic changes in the mnscles, 
and to the unrestrained action of antagonistic (non-paralyzed) muscles. 
The development of the genital organs ia not interfered with. 

DiAGKOsts. — During the febrile stage the condition may be mistaken 
for one of the exanthemata, or any other febrile affection. A positive 
opinion cannot be given until the development of the paralysis; in those 
cases, therefore, in which the patient is seen befure the onset of the 
paralysis, the physician must be content to defer his diagnosis, and to 
watch the fnture course of events. 

When the paralysis bus developed, there is no longer any difficulty; 
the symptoms (positive and negative) show without doubt that the lesion 
IS limited to the anterior cornu; while the acute onset, and the fact that 
thehiffhsnt fhgrcB of parali/nis is at once reached, distinguish the condi- 
tion from all other affections of the same region. 

The rapid diminution or total disappearance of the faradic contrac- 
tility when the peripheral electrode is applied directly'to the affected 
muscles, together with the rapid atrophy, the diminution or abolition of 
the reflexes, and the absence of any marked sensory disturbances are 
diagnostic indications of the highest value. ' 

' Hyalgic pains ol this desi'ription are much more common in the adult than 
in the inlantiie varietj. 

' For the explanation of the ayoiptoms, positive and negative, see pp. 41 and 43. 

' aiedical Frea» and Circular. February 23. 1881. 

* In a case reported by Dr. Hughes Bennett, London, which I have recently 
had an opportunity of emmining, a young lady was thought lo be suffering from 
hysterica] paraplegia, and it was only wheu Dr. Bennett had (iemonBtrated llie 
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diHtinguish the ' system disease,' poliivrajelitis sn- 
B ' iudiscrintiiiate' myeUtia, whicli happened to be 
I. Practically such a Htnltatlon does not occur. It 
dlBtinguish the disease from an acute deatnictivB 
matter of fact, this difficulty does not 
in acute ertra-meduUary lesion, such 
without at the same time impli- 



It would be impossible 

limited to the anterior cor 

would, too, be impossible 

lesion confined to 

occur; for it would be hardly possibli 

as meningitis, to seriously injure thi 

oatlng the posterior roots, and without producing marked seaaory disturbances. 

When the patient comea under observation during tho atrophied 
stage, it may be impossible from the mere condition of the paralyzed 
parts to give a poaitiye opinion, for the same condition of atrophy might 
result from subacute or chronic destruction of the anterior cornu; but 
the history of the case (the acute onset, and the immediate occurrence 
of paralysis) has only to be ascertaineil in order to settle the point.' 

In some cases of rickets and other wasting diseases in children, the 
lower limba are very much emaciated, and the condition at first sight 
may be taken for ' infantile paralysis; ' but there ought to be no difficulty 
in coming to a correct conclusion, for the muscular atrophy is general, 
not local; there is no true paralysis, but only muscular weakne^; the 
history usually gives decisive information, and the associated symptoms 
of rickets or some other cause of emaciation are present. 

pROososis.— The disease ?ery seldom proves fatal, ffheu the acof 
stage is recovered from, as it is in the vast majority of cases, the affi 
tiou does not tend to shorten life; sexual development is not interfe 
with; the disease does not tend to recur." 

A fatal result during the acute stage is to be dreaded when the febl 
process ia very severe, and does not quickly subside, aud when syn 
toras. pointing to complications on the part of the cerebral nerve oenf 
or other important organs, are present. 

The prognosis as to the subsequent course of the paralysis, is to be 
guided by the extent and severity of the lesion, especially by the extent 
of rapid atrophy, and by the number of muscles which present the * ro- 

■ reaction of degeneration' that the true nature of the affection was discovered. 
Even noiv, when 'the subsequent progress of the case has fully confirmed Dr. 
Bennett's view, some of the patient's friends refuse to believe in the organic 
ture of the affection. 

' The differential diagnoaisof acute and subacute inflammation of the 
comua is afterwards considered iu more detail. (See page 181.) 

'Cases have been reported in which there have been two, or even three exacer- 
bations or separate attacks at the commencement, but theee ca«es are quite ex- 
ceptional. The statement in the text refers to the risk of future and entirely 
fresh attacks. I>r. Gowers states that he has 'seen two cases in which, after fsr 
fan tile paralysis in childhood, symptoms of slow degeneratim — lateral sclei 
came on in adult lite, , . . Erb bus recorded a similar case.'— Brjtia/i Mt 
Journal, May 20, 
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action o£ degeneration; ' muscles wliieh continue to react to tlie inter- 
rupted (faradic) current will certainly recover; wiiite those which do not 
respond to the electric current, after some months of treatment, wOl in 
all probability remain permanently atrophied. When then, the reaction 
of degeneration is widely diffused and typically marked, the lesion is a 
severe one, and we know as a matter of experience that considerable 
atrophy will probably remain; the presence of the reaction of degenera- 
tion is not, however, a certain indication of permanent paralysis, for 
mnscles which present this change may completely recover, such recovery 
ia, however, rare in iufantile paralysis. 

When the case comes under ohsarvatiou during the atrophic stage, and 
when some of the paralyzed muscles still respond to the electric current, 
a certain aaiount of improvement may bo confidently predicted. The 
amount of improvement will depend upon the number of muscular 
fibres which respond to electricity, especially to the interrupted (fai-adic) 
current. 



TKEATMEyT. — When the patient ia seen bafore the development of 
the paralysis, the indications for treatment are, to reduce the fever, and 
to relieve any urgent symptoms which may bo present. A calomel purge 
should be administered, and a fabrifuge mixture prescribed. When the 
attack is ushered in by a convnlsion, and when the patient is seen in the 
fit, cold water may be applied to the head, and the child placed in a 
blanket-bath. If the convulsions recor, bromide of potassium or chloral 
may be combined with the febrifuge. 

After the paralysis has developed, and the true nature of the disease 
is apparent, we must endeavor to arrest and allay the inflammatory pro- 
cess. Ergotine ' should be given in full doses, with the object of pro- 
dacing contraction of the blood-vessels of the affected part; belladonna' 
has also been strongly recommended by Professor Brown-Sequard for the 
same purpose. Leeches or dry cups may be applied over the region of 
the spine corresponding to tho affected part. Provided that the patient 
is sufficiently old and docile, he should be placed in the prone position, 
and cold, in the form of Chapman's ice-bags, applied to the spine. When 
the patient will not or cannot lie on his face, he should be placed, as Dr. 
Gowers recommends,' on his side, the object being to avoid the dorsal 
position. The febrifuge mixture should be continued; where tho fever 

' Dr. Althaiis gives one-fourth of a grain for a child from one lo two year^ of 
age; one-third of a grain for a child of from two to five fears; hidf a grain for a 
child of from five to ten years; and one grain for patients above ten yearaof age. 
The drug may be administered Bubcutaneoualy, or by the mouth. It should be 
repeated twice dailj, 

' From one-twentieth to one sixth of a grain of the extract of belladonna may 
be given to a child, but the effects must be carefully watched. 

' British Medical Joumat, May, 18S3, p. 780. 
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ia high, quinine or the salicylate of soda may be given. The diet should 
consist entirely of milk; the room must be well ventilated and not too 
hot. 

After the fever has subsided, iodide of potassium may be combined 
with ergot. Some authorities recommend the inunction of mercury at 
this stage, but I doubt its utility. At the end of a month or six weeks 
from the beginning of the attat^k. the galvanic treatment of the case may 
be commenced; a current of medium strength should be pasesd through 
the cord at the seat of the leaiou, in the manner already described (see 
p. 142). The nutrition of the paralyzed mtiBctes must lie maintained by 
means of friction and 'electricity; nuiacles which respond to the inter- 
rupted current shonld he faradized; others should be stimulated by the 
constant current; this is. in my opinion, a most important part of the 
treatment, and I cannot see that any harm is likely to result from it itt 
consequence of reflex stimulation of the nerve cells, as some anthoi 
have supposed. 

At the end of a month or six weeks the iodide of potassium may 
discontinued, and the syrup of iodide of iron, Parrish's compounij 
syrup of phosphates, or arsenic, together with cod-liver oil. substituted. 
Dr. Hammond ' and some other authorities speak highly of strychnine, 
but many competent observers have not seen much benefit from its use. 
It is essential to maintain the general health in the highest state of effi- 
ciency. The diet must be light aud nutritious. The patient must not 
be exposed to extremes of heat or cold, but, provided that the wcatheria 
favorable, ha should have plenty of carriage exercise, Spongingthe back 
and limbs with tepid salt (sea) water is highly beneficial in some cases. 
Great care must be taken to prevent the paralyzed parts becoming fixed 
in a vicious position. Passive flexion should be regularly practised; and 
in some cases it ia necessary to overcome the tendency to contractorej by 
mechanical supports. 

This treatment should bs continued for several months, nntil in fact 
the maximum of improvement has been obtained. Where deformities 
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' The following is Or. Hammond's mode of presoribing it :— 

5 StrychniBB sulphatis, . . . , . gr. i. 

Ferri pyrophosph,, , . . , . , 3 ss. 

Acidi phoaphorici dil., . . . , . j (g. 

Syr. Zingiberis, , , . , . . = iiiaa. 

M. ft. mist. 
Dose, a teaspoonful or less, according to the age of tlie patient. 

A child of from three to five years of age can take halt a tenspoonhil of 
mixture thrice daily ; or, the stryclinia may be given advantageously in the f( 
of hypodermic iojections in dosis suitable to the age. In children under one 
old, the ninety-aiith of a grain is as much as should be given at a dose, and 
under six months it should not be adminiatered at all."— Diseases of the Nervout 
Syalejn, p, 481. 
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sre alnaiiy establiAed, Bection of the tendons may be required. Pro- 
fessor Volkmanii has, as I )iave previously mentioni'd (see page 145), rec- 
ommended resection of the knee-joint in tliose cases of paraplegia in 
which the muscles of the hip are not paralyzed, and in which the patient 
is nnable to walk for want of a firm support. 

ADULT VARIETY. 
Poho-myelitia anterior acnta is a rare condition in the adnlt. Its 
general features are the same as those which t have described as charac- 
teristic ot the infantile variety, but there are some slight differences: 
muscles supplied by cerebral nerves are more frcfjuently affected in the 
adult thau in the child; headache is often observed at the commencement 
of the attack; iu a ease which came under ray own observation recently, 
there was t<^mporary aphasia; aching pains, occasionally associated with 
tenderness on pressure, are more often experienced in the affected mus- 
cles, and in some cases all over the body; contractures and deformi- 
ties seldom result in the adult iu whom the bones and joints are fully 
formed. 



Si/uoni/tti. — Paralysie generale spinale anterieure subaigue (Du- 
cbenne). 

This is a rare affection, which, so far, has been almost exclusively ob- 
served in adults between thirty and fifty years of age, but which, as Erb ' 
and Hughes Bennett " have shown, also occurs in children. Probably, as 
Bennett suggests, ' the disease has hitherto been overlooked or con- 
founded with other affections. As the more precise methods of modern 
investigation become more widely spread, as electrical and other physical 
testa are more universally employed in the diagnosis of nervous lesions, 
it will doubtless transpire that the disease under diacussion is not so rare 
as is at present supposed." One case only has come under my personal 
observation. The following brief account of the disease is mainly taken 
from the works of Duchenne' and Erb,' 

Pathology. — In the few cases that have as yet been examined poaf- 
morlem, evidence of chronic inflammation in the region of the anterior 
comua was found. The multipolar nerve cells were more or less exten- 
sively destroyed; the vessels dilated; the connective tissue thickened; 
the QQclei anil Deiters' cells more prominent and abundant than in health, 

'BraiJi, April. 1883, p. 7. 

* Brain, October. 1833, p. 389. 

• Brain, October. 1883, p. 298. 
*Z,'Etec(riM(iontoca(iWe. 1873, p. 458. 
' Zienuuen'a Cj/dopadia of Medicine, vol. xiiL p. 71S. 
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Erb Buggeata that degeneration of the peripheral neryes and muscles 
may possibly result in some cuaea from mere functional derangement of 
the trophic centres (i, e,, the multipolar norve cells of the anterior comn),' 

jEtioloqt. — Nothing definite is known as to the causes of the con- 
dition. Erb throws out the hint that some of the cases may be due to 
lead poisoning, and, in support of this opinion, quotes the undoubted 
clinical fact, that paralytic symptoms, exactly resembling those which 
occur in this affection, do sometimes result from plumbism. 

Mode of Onset, Symptoms, and CorRSE. — As a rule, the onset is 
gradual. In some uases premonitory sf/mpiomn, consisting of aching 
pains in the back and limbs, a feeling of excessive weariness and weak- 
ness, or slight febrile disturbance, are observed. 

The first characteristic symptom is motor weakness, which gradually 
increases and ultimately becomes complete. In the large majority of 
cases the lower limbs are first affected {the ascending typeoi Uuchenne); 
the muscles of the leg are first invaded, then those of the thigh, and 
finally those of the hip. 

The paralysis presents all the characteriBtic features which result 
from a lesion of the anterior horn; the muscles rapidly become atrophied, 
and present the 'reaction of degeneration'; the reflexes are at first 
diminished, and soon completely abolished; aud it is important to ob- 
serve, that the paralysis is the first event, and that the atrophy occur* 
Bubsequeutly. The sensory functions are practically intact; slight 
numbness may be present, but there is never much anaesthesia. The 
functions of the bladder and rectum are not interfered irith. 

The rapidity with which the disease is developed varies in different 
cases; the muscles first affected become rapidly paralyzed and soon atro- 
phied, but the maximum extent of motor impairment may not be reached 
for months, or even for years. After the lower extremities have become 
paralyzed, the upper limbs are in turn involved; the extensor muscles of 
the fingers being the first to suffer, and subsequently those of the upper 
arm and shoulder. The muscles of the trunk may also be affected. 

In exceptional cases the paralysis first affects the muscles of the upper 
extremities, and then extends to the lower limba. This is the descending 
type of Dnchenne. The muscles on one side of the body may be more 
paralyzed and atrophied than those on the other. 

A stationary pei'iod now generally occurs, but in some cases the le^on 
continues to extend, ultimately reaching the upper part of the cord and 
the medulla oblongata; bulbar symptoms are then developed, and death 
results from respiratory complications. 

In the majority of cases, improvement occurs after the stationary 
period has lasted for a few weeks or more. Recovery takes place in the 

> Brain, April. 1883, p. 9. 



TOTerse order to the mode of onset, the mnscles last affected being the 
first to recoTCF. In exceptional cases the recovery is complete; but 
g«nerallir some paralysis remains. The total duration uf the disease i 
tUDally from one to four yeara. 

DiAOSOsia. — The eymptoms, negative and positive, clearly show that ' 
the morbid proeeas is limited to the i-egion of the anterior cornti.' Tlie 
(act, that the paralysis and atrophy are sometimes completely recovered 
from, seems to show that tiie destruction of the multipolar nerve cells is 
not osnally complete, for nerte cells which are once completely destroyed 
are not, so far as is known, restored. 

The affection has to be distinguished from poUo-mijelilis anterior 
acuta, progressive muscular atrophy, and lead paralysis. 
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The differential dio'jmsiis uf subacute iiifii 
cornua and polio mytUtis anterior acuta 
table:— 

Subacute lu&ammation of PoUo-myelitiB AnterioT 
the Anterior Horn, Acuta. 



AOE. 



Usually in adults, between tlie Rarely in adults, 
agesof thirty and fifty; rarely 
in children. 



Gradual; feverEligltt or absent; 
no cerebral symptoms. 



The Pakai-tsis. The paraljaiH eitends from 
point to point, uaually from 
beto1^r upwnrtia; the maxi- 



Usually ends in recovery, 
which may bo complete. 
When fatal, death occurs 
after two, tliree, or four 
years, and ia usually due to 
extenmuntu the medulla ob- 
longata. 



Sudden; fever may be conaider- 
able: cerebial symptoms (e pi' 
leptiform convulsions, etc.) 
at the outset are not uncom- 
mon in children. 

The maximum is always at 
once reached. Any subse- 
quent changes are in the di- 
rection of improvement. 

Very seldom fatal. but eome 
paralysis and atrophy usually 
remain. When death does 
occur, the fatal termination 
usually talcei place at the out- 



' The aSectiou preauuts many points of resemblance to some forms of paralysis 
which dejiend upon peripherol lesions. The points of distinction are, however, 
more marked than those of resemblance, and seem to me to diderentiate clearly 
the two groups of cases. In peripheral paralyses depending upon lesions of seu- 
Bory-motor nerves, sensory disturbances are ot necessity much more prominent ! 
painful sensations are experienced in the affected parts, and there is usually con- 
siderable amesthesia; the fact that the morbid process sometimes extends to the 
meduUa oblongata, producing well-inarkeil bulbar symptoms, is in favor o( a 
central lesion; and these cliaical arguments are confirmed by the few cases In 
vrhich a careful examination of the cord has been made after death. 
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SHBAOCTB tNTLAXlU.TIOH' OF TEB ASTBBIDB HoaiT. 



The differential diagnosis of suiaeute inflamrnalioti of the antsr 
cornual region, and progressive muscular alropiuj. 



Snbacate Inflammatioa of 
the Anterior Horn. 

MUSCLBS FntBT In the large majority of qbsv 
the muacies of the lower e: 
tremities are first affected, 



Progretaive HnsciiUr 
Atrophy, 

In the large majority ot ca«?« 
the luuacles of oue upper ex- 
tremity (Hmall muscles of the 
lianU or deltoid) are flrat af- 
fected. 

The CosDmON The affected muaclea are firet The atrophy ia the first event: 



paralyzed, and subsequently 
become atrophied. Whole 
muacipB, or groups of musciea, 
are altackedattbesaine time, 
and rapidly atrophy. Tht-y 
present the reaction of de- 
generation. The refleaes are 
abolished. 



Termination. The disease does not, as a rule, 
destroy life. The improve- 
ment ia often considerable, 
and occasionally complete. 



the loBB of mol«r power fol- 
lows, and ia in dir^t propor- 
tion to tlie muscular wasting. 
The atrophy never invades a 
whole muecle at once, but 
destroys individual fibres and 
groups of fibres, Tlie reac- 
tion of degeneration is not 
present, in the typical form. 
The reflexes are retained un- 
til all the muscular fibres are 
destroyed. 

The disease is, usually fatal: 
muBclee which hare once 
atrophied do not recover. 



I 



Tlie differential diagnosis of subacute inflammation of the antt 
cornual region {Paralysie ginerale spinale antSrieure suliaifftli\ 
Dv.chenne) and lead paralysis. 

There is of course no difficulty in dislinguiahing the typical fomil 
lead palej (wrist-drop) from the affection which we are now consideril 
Clironic lead-poisoning does, however, aomet^es give rise to a general 
form of muscular atrophy, which very closely resembles the paralysie 
generals spinale anleriettre subaigue of Duchenne; in fact, the symptoma 
are in some cases identical, and the lesion in cases of lead paralysia is 
thought by somo to be a subacute inflammation of the anterior comas. 
In such cases the distinction can only be made by observing tli? 
mode of development of the symptoms, and the presence or absence of 
associated evidence of lead impregnation, viz., the bine line on the gums, 
lead colic, lead rheumatism, etc.; the occupation of the patient should 
he ascartained, and, if necessary, the water which he is in the habit' 
drinking, tested. 
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PSOONOSIS, ^In moat cases the prognoHis is favorable s,s regards life: 
in some, recovury is complete ; in the majority, some paralysis remaine ; 
Bome prove fatal from extension to the mednlla oblongata. 

Theatment,— The treatment is eBsentially the same as that which 
has been recommended in polio- my el ilia anterior acuta after the febrilj 
stage has sabsided. 

PROORESSn-E MUSCULAR ATBOPIIY. 
This affection is comparatively common. It is one of the most 
chronic and incorahle of all spinal affections. There; are probably twj 
rarieties of the disease; (1.) a typical form, which commences in the 
upper extremity, usually in the small muscles of tiie hand, and in which 
indiridual fibres and groups of fibres are sraduallj destroyed ; and (2) 
an irregular form, which usually commences in the muscles of the lower 
extremity, and in which whole muscles, or groups of muscles, rather 
than individual muscular fibres and parts of muaeles, undergo atrophy. 
Many of the eases included in the latter group are doubtless identical 
with the paral^sie gSnimle spinale anterhure subaiguv ot Duchenne. In 
the following description, I shall limit my remarks to the typical form 
of the disease. 

Patholoqt. — ^The exact pathology of progressive muscular atrophy 
is a subject which has given rise to endless discussion. Some authorities 
hold that the morbid process commences in the muscles ; others think 
the primary lesion is a slow destruction of the multipolar nerve cells of 
the anterior cornu, and that the muscular atrophy is secondary to the 
spinal lesion. The latter view istho one which is now generally accepted, 
and there can, I think, be little doubt that the anatomical substratum 
of the typical form of progressive muscular atrophy is alow destruction 
of the motor nerve cells of the spinal cord. 

Some authorities think that the spinal lesion is an extremelychronic 
inflammation ; others that it is a degenerative process. Be this as it 
may, the effect of the process is to produce gradual destruction and dis- 
appearance of the motor nerve cells of the anterior horn. 

On mirroscopic examination of well-marked cases, the lesion is seen 
to be practically confined to the anterior comual region. The nerve 
cells are in all stages of atrophy and destruction, their processes wasted and 
degenerated. In two well marked cases reported by Pierret and Troi- 
sier,' the atrophy of the nerve cells of the anterior horn was simple, the 
cell procesaes were wasted, the atrophied cells, even the smallest, still 
contained a uiicIbus ; exactly the same conditions were also found by 
Charcot and Gombault,' Luys, Lockhart Clarke, and others, have ob- 

' Archives de Physiologie, 18T5, vol. ii. page 348. 
•iJwI., page 747. 
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ONSET, gYaorrcoES, and oorBSB. 

served dilfttation of the blood-vessela of the afiected region, and thicken- 
ing of the vascular walls. In some cases compound granule corpiiecIeB 
and oil globules are scattered througii the affected parts of the cord, ap- 
parently replacing the nerve cells, and adhering to the outer coats of the 
vessels. 

The anterior nerve roots proceeding from the affected part of the 
cord are atrophied, but seldom to the same extent ae in poUo-inyelitiB 
anterior acuta. The anterior column of the cord through which the af- 
fected anterior roots pass, and the adjacent parts of the cord sometimes 
eshibit sclerotic changes. 

The condition of ifie affected muscles. — To the naked eye the mus- 
cles are pale and fawn colored. The interstitial connective tissne, and, in 
some cases, the interstitial fat, arc increased. The atrophy of the fibres 
is, according to Pierrot and Charcot (see fig. ITl, page 204), a simple 
atrophy, the transverse strite bciug preserved until the end ; the nuclear 
proliferation and fatty infiltration of the fibres, which are seen in polio- 
myelitis anterior acuta, are not generally present, though in some cases 
these changes have been observed. 

Gexbual Consideratiuss and .Etiology. — The disease is essen- 
tially one of adult life ; cases are seldom met with before the age of 
twenty-tive. The period of greatest frequency is between thirty and 
fltty. 

The pseudo-hypertrophic poraJjaisof children is thought by some writers to bfr 
identical with progressive muscular atrophy, The two affections undoubtedly 
present many analogies, but are probably distinct. 

Males are much more frequently affected than females. 

or J"6 cases collected by Friedreich, only thirty-three, or about 19 per 
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The disease is often hereditary, and cases have been reported io 
which the affection has been handed dowu through as many as five gen- 
erations. Various exciting causes have been described ; excessive mus- 
cular esereise (and the consequent exhaustion of certain mnscles) is a 
well ascertained cause, and explains the tendency to the affection in j»er- 
sons who follow particular occupations ; traumatic injuries ' of periphe- 
ral parts seem occasionally to give rise to the condition : a chill is some- 
times the only apparent cause ; the affection has been known to follow 
an attack of tj'phoid, measles, or acute rheumatism ; lead impregnation is 
sometimes followed by a general form of the disease, and I have seen one 
case in which it was apparently the cause of the typical variety. 

OssET, Symptoms, \sd Cocese. — The onset is very gradual, and 
is not attended with febrile symptoms. In many cases the patient is un- 

' Possibly this was the cause in a case which I have reported in Brain, vol. iii 
page39e. 
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PEOGHESSIVE MUSCCLAR ATHOPHT. 

aware of his condition until the disease lias made considerable progress. 
The first symptom to attract attention is motor weakness ; 
tion, the weakened mascles are found to have undergone considerable 
atrophy, the muscular weakness being in direct proportion to the miis- 
colar wasting. The atrophy grmlually increases, and the muscular 
weakness becomes greater, but there ia no true paralVBis until the muscu- 
lar fibrefl are entirely destroyed. TJie interossei or thenar muscles of 
one, generally the right, hand, are usually first affected ; occasionally the 
deltoid is the first to suffer ; exceptionally the disease commences in the 
ma&cles of the trunk, and still more rarely in those of the lower extrera- 

itj. 

Of 146 caaes collected by Friedreich, Ul commenced in the upper extremity, 
27 in the lower extremit}', and 8 in the lumbar muecles. Duchenne only e 
the disease commence twice in the lower extremities, out of 159 c. 



On the left «i^e the disease li in an eorlr stage. O 
[tamiMcularBbredT iBCompletely atrophied. Tolunlarj motor 
blodnd ■ at the seat o[ the lesion {u'l. One nerve cell <6') aud its 
itrapUed, but feeble motor and renvix Impulses can Blillpatia Uuough 
lem nils e'r- are healtb;. Tlidr musoular fibres ar 
inct either b; voluatarr or rellei ImpuUes. 

Od lbs HghL aide Ibe disease la mucli more adTanced. Th( 
ere ii ft total ■ blttek ' at a and <i. TLis coudltinn 
ire muacular atroptay. The atrophy of the musoular Qbree is 



The condilion of the affected muscles. — The affected muscles are 
flaccid. The typical form of the 'reaction of degeneration ' is not pres- 
ent, but the partial form (see page 97) can usually be detected, the 
force of the muscular contractions produced by the faradic (interruptedj 
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pBoeBBurrB icubodi.&k .^ticopbt. 



current is in direct proportion to the number of healthy muscnlar 
which remain. The reflexes may be increased ' in tho earlier stagi 
soon become diminished ; it ia not, however, until the muscular 
are entirely destroyed that reflex raovementa are entirely aboli 
{See fig. 108.) 

Fibrillary twitchimjs occur in the affected mnsclca; they are, 
have previously stated, more frequent aud constant in progreaaive 
muscular atrophy than in any other affection, but are by no means path- 
ognomonic. The temperature of the affected parta ia lowered, and the 
patient almost always exhibits increased sensitiveness to cold. 

Muscular (myalgic) and joint pains, resembling rheumatism, are not 
m, but the skju eeosibility ia not deranged to any noticeable 




Tbe main en ffrlt^ in progreaalre muscu- 
arAtropby. The lulerossel and Lbeoarsiiui- 
•iei are almost entirely destroyed.— (J^cr 




'rifft which nnuUs troni 



degree. There are no trophic diBtnrhaneea in tho skin, The functions 
of the bladder, rectum, and sexual organs are all perfectly normal. 

Atrophy of the interoasei (the muscles of the forearm being unaf- 
fected) causes a peculiar alteration in the position of the fingers, l> 
which the term ' clawed hand,' or ' matti en griffe,' has been given (see 
figs. 109, 110, 113, and 113). 

The manner in which tliis alteration in tho position of the fingers is 
produced is as follows: — 

The combined action of the internal and external iuterossei produces 

' In many waating diseases, as (or instance in phthlais, there U increased mu:.- 
cular irritability. Under such circumstancea the refleies, espeoially the deep 
reflexes, may lie mare easily obtained than in health. 
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current ia \n direct proportion to the number of healthy muscniar fibrea 
which remain. The refieiea may bo increased ' in the earlier stages, but 
soon become diminished ; it ia not, however, until the mnaeular fibres 
are entirely destroyed that relies movements are entirely abolished, 
(See fig. 108.) 

FibriUary twitching* occur in the affected mtiseles; they are, as I 
have previously stated, more Irequeut and constant in progressive 
muscniar atrophy than in any other affection, but are by no means path- 
ognomonic. The temperature of the affected parts is lowered, and the 
patient almost always exhibits increased sensitiveness to cold. 

Muscular (myalgic) aud joint pains, resembling rhenmatiam, are not 
uncommon, but the slcin eensibility is not deranged to any noticeable 





The main en grijfe i 
paralysis of the tDteroAMi incoliBHiuencecf a 
Irsumatrc lesion at tlie ulnar nerre.— (J/fn- 

There arc no trophic disturbances in the akin. The functions 
of the bladder, rectum, and sexual organs are all perfectly normal. 

Atrophy of the intorosaei (the miiacles of the forearm being unaf- 
fected) causes a peculiar alteration in the position of the fiugcrs. i > 
which the term ' chived hand,' or ' main en. griffe,' has been given (see 
figs. 109, 110, lia, and 113). 

The manner in whicii this alteration in the position of the fiugera. j^ 
produced is as follows: — ^| 

The combined action of the internal and external iuterossei product^ 

' l:\n1anywaHtingdi3eaBes, aatorinataoce inplitliiBis, there ia incnutsed mus- 
cular irritability. Under such circumstances llie reflexes, espeoialt)- the deep 
reflexes, may be more e;isily obtained than in health. 
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Thf /ippf-imim of the hniid ipiilmiir atiitct) a/Irr 
F<ir n [lescrlplion at t^lB plate si 
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(as Duchenne was the first to demonstrate) a movement of the fingers in 
which the first phalanx ia flexed on the meta-carpns, and the second and 
third phalanges are kept extended; in other words, the fingers are placed 
in the writing position. The direction of the tendon of the interossei 
perfectly explains this contradictory action upon the phalanges; in the 
first part of its conrBO (from the meta-carpal phalangeal articulation to 
the upper surface of the first phalanx) the tendon ia directed obliquely 
from above downwards and from before backwards (see fig. Ill), there 
is therefore flexion of the phalanx on its meta-carpal bone during con- 
traction of the muscle; the second part of the tendon, united by an 
aponeurotic expansion to the tendon of the common extensor, ia placed 
on the back (if the phalangeal articulation, and consequently produces 
their extension.' 




tlon uf the Interouieous with Ihe Hindoo of the eitensor. 


•naiclt,— (After Duchenne.) 
of tbe doraal Interosseous; 
b unites tbe phalangeal ten. 


Tbe condition if tht Rand afttr a Iftion of the UI 

Tbe iHKIeDl. a laborer, e<<l. 47. came under my notice Id (he year 

ousiy he rsL-elred a severe cut with n cooper's knlFe [□ the region o 

did not bool tor Bight or nine months, and it was fourteen months be 

all. 

wblt-b «■»« muob thickened. All the muscles auppUed by tbe ulna 


arNorvt. 

ism. Elgbioen rears prevl- 
tha letl elbow. Tbe wound 
on: be could u>w the hand at 

uD to the internal condyle. 



wanting ot lbs Interossel being well seen in &g. 11^. Tbe main t» i/riffe was well uiorkeil. 

Tactile aendbUlty vas Impaired In tbe bltle Oager; sensibility to pabi was completi^ly al 
In the llttls flnger, and much Impaired la the ring fln^rer. 

8aon after tbe Inlary tliennll ot the little finger began to come off in hard, dt7 chips, and nltl- 
maleljitwascomplelely detached.— (See flg. JlS.j The patient stated 'that every three or (our 
moDibaableb.CDnloinlng 'water as clear as crystal.' forms on the tip of Ihe little Roger: it 
appears In the cowne of a few hours, usually througli the night, and Is somedmes sa large as a 
grape. For some days before the bleb forms he feels a stbiglog sensation In the region ot tbe 

- • 

' L'Electrimtion localitie, 1873, p. B66, et aeq. 

According to Duchenne, the iotorossei ure tbe only fleiora of the Grgl phalanx. 
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Now, when the interossei are paralyzed, the opponent miiacles hare 
full play, the result being exteuaiou of the first, and flexion of the second 
and third phalanges; in short, tJie hand assumea the bird-olaw position. 

The 7ff rtin en griffe ia not pathognomonic of progressive miiscnhir atro- 
phy; it indicates paralysis of the interossei, a condition which may, of 
course, be doe to any lesion of the ulnar nerve. The appearance of the 
hand in the two cases (progressive muscular atrophy and paralysis due to 
a lesion of the ulnar nerve) is, however, somewhat different, a fact to 
which attention wa? first directed by Duchenne; in progressive mnacular 
atrophy, all the lingers are equuUy affected; in paralysis of the ulnar 




more particularly 



Fios. IIS AND Its.— Handiv, the 
pragRAiTe muaculAT aCrophr. 
SuchciMic.) 

nerve, the ring and middle fingers 
figs. 109, 110, 112, and 113.) 

• 

and the onlj' extensors of the second and third ph&laugeB. He adds, ' Lee lombrj- 
caux sODt, il est vrai, auiiliaires de cea mouvements; mais ila o'exercent p<AU 
d'flction de laleralite mir les do igt'?.'— toe. cit.. p. 967. 
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Tlie appearaoce which the hand and forearm present in progressive 
moscnlaT atrophy are well shown in figures Hi, 115, and llfl, which are 
<sopied from Dnclienne. 

After tho condition, just described, has continued for a longer or 
B Bhorter period, and after the atrophy in tho parts flrat affected baa 
made some progress, other musc-iea are attacked in a similar manner. 
The homologous muscles on the opposite side of the body are usually 
nest affected. When, for instance, the muscles of the right hand are 
the first to suffer, the muMcIea next invaded are those of the left hand; 
in other words, the morbid process extends to the opposite anterior comu 
in tho segment first affecteil. Exceptionally the lesion erteuda upwards 
in a vertical direction, and attacks the anterior coruu of another spinal 
segment on the same or on the opposite side of the body. In this man- 
ner, the deltoid may be tho muscle next invaded. i?he atrophy pro- 
gresses then, by leaps, and invades muscles or groups of muscles which 
are widely separated, but whose nerve nuclei are in close juxtaposition — 
a strong argument in favor of the central (spind) theory of the lesion. 

After the muscJeB, or rather some of the muscles, of both upper ex- 
tremities have become iuvaded, the atrophy may extend to the maacles 
of the trunk, and then to those of tho lower extremities; in the course 
of time almost all the voluntary muscles of the body may become impli- 
cated. In some cases the nerve-nuclei of the medulla oblongata are 
attacked, and bulbar symptoms' are developed. 

In rare cases the atrophy commences in the trunk muscles, and pro- 
dnces characteristic alterations in the position of the ti-unk; where the 
lumbar muscles are affected, the back is strongly arched, and the line 
of gravity falls behind the sacrum {see fig. 117); where the abdominal 
muscles are extensively atrophied, the back is also arched, the result of 
the HQOpposed action of the sacro-lumbar muscles, but the line of gravity 
falls within the sacruci (sec fig. 118). When the muscles of tho lower 
extremities become involved, which is seldom until the last stage of the 
disease, the ' loosely strung ' gait (see page 72) may be observed. 

Death someti.-nes results from simple exhaustion, but is much more 
frequently due to extension of tho disease to the medulla oblongata, or to 
some respiratory complication. When the intercostal muscles or dia- 



' By the t«rni * bulbar syiDptoms,' n-e mean all the aymptoniB which are char- 
acteristic of gloaso-labial or bulbar paralysis, viz., difficulty in d^lutition and 
articulation as well as atrophy of the tongue and facial muscles. Very exception- 
ally we find atrophy of the voluntary muscles supplied by nerves arising from the 
pons and meduUa, but no difficulty in deglutition or articulation. I liave re- 
corded such a case (see Brain, vol. iii. p. 308), iu which tbe muscles of one-balf 
of the tongue were in an advanced stage of atrophy, but iu which there were no 
' bulbar ■ BymptOEDS, properly so called. Ih this case, the condition of the tongue 
had evidently lasted for some time, but the patient did not know that there was 
anything the matter with it. 




— (a) the mode of onset of the attack (very gradual in the former, acute 

in the latter); and (b) the fact that in polio- myelitis anterior acuta thcrfr^ 

is from the first marked paralysis, whicrh ia followed after BomP week* 

' Qranling of course tliat (he disease is due to a epiiial lesion, and that it is noG 
a primary muscular affeclion. 



by atrophy; whereas in progresaivG muscular atrophy Iho miiecular waet- 
ing is the first event, iind the muscular weukneaa (whifii in in direct pro- 
portion to the muscular wasting, and can never he said to amount to 
true paralysis until the termination of the case), is very slowly and 
gradually established. 

The ilifferentinl diagnosis of progressive muscular atrophy, and the 

parulysiti ginerale sp\nah antirieurr siibaigue of DuchL'nne has already 
been conaidered. (See page 161.) 

The wnm CM ^n|^e, which results from lesions of the ulnar nerve, 
maybe mistaken at first sight for progressive muscular atrophy in its 
early stage; but the appearance of the hand is somewhat different (see 
figa, 109, 110, 112, and 113); while the history of the ea^, the presence 
of an injnry or cicatrix in the course of the ulnar nerve, and the condi- 
tion of sensation, are quite distinctive. The points of diSerenoe are 
shown in the following table: — 



Differential diagnosis of progressive 
and paralysis resttUing from 



nusculdr atrophy in il^ first stage, 

I lesi'in of lite ulnar nerve. 



Frogressive tfnscnlar Atrophy. Lession of TTlnar Heive. 



I 



Onset. 


Very gradual — Ihe atrophy 


In trnumatic cases the onset is 




i« the tfrat ^veui, 


the 


Hudden, and the i^ralysie pre- 




motor weakneBH eei 




cedes tlie atrophy. 




darj. 






Appkabasce of 


All the fingers are equally 


The ring and little fingers are 


THE Hand. 


fle.Ted. for all the ir 


ter- 


much more bent than the 




oe*''i are equally 


tro- 


others, for the flraC two lum- 




phied. 




brical muBoles, which are sup- 
pMvA by a branch of the 
nii^dian ner^*e, escape. 


CONornoN OF 


Unaffected. 






8EN81BHJTY. 






sides of the little, and of the 
ulnur side of the ring finger. 


The Tbophic 


No trophic alterations 




Trophic alterations in skin sup. 


COSDITIOS OF 






plied by the ulnar uer\-e may 


THE SKIN. 






be present. (See fig. 113.) 


Supposed 


Olttii indistinct. 




In traumatic cases there is a his- 


Cadse. 






tory of an injury, or the pres- 
eiice of a cicatrix in the course 
of the ulnar nerve. 



Secondary lesions of the anterior cornual region, may produce a 
mascuiar atrophy, which, so far as tho condition of the muscles is 
concerned, exactly resembles that seen in the aelvanced stages of pro- 
gressive muscular atrophy. The history of the case, and the mode of 
onset of the atrophy are however quite different; in all the secondary 
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formB of atrophy, such as muscular atrophy complicating lateral sclerogis; 
amyotrophic lateral sclerosis; muscular atrophy complicating sclerosis of 
the postero-externa! columns, etc., spinal symptoms of a distinctive 
character precede the atrophy, which does not follow the classical type. 

The Phoonosis is unfavorable, most cases ultimately terminating in 
death. The duration is very variable: the majority of cases last for sev- 
eral years; some run a rapid course, and prove fatal vithin two year': 
occasionally the progress oFthe disease is arrested, and this happy result 
seems sometimes to be due to treatment. 

Cases which progress rapidly, in which the atrophy tends to become 
general, and in which tlie disease is hereditary, almost invariably termi- 
nate in death. The prognosis is more favorable in those cases iii which 
the disease is limited in distribution, and in which aa exciting cause, 
such as over-use of the affected mnscles, can be clearly traced. Wiere 
the intercostal muscles or diaphragm are affected, or where the lesion 
has invaded the medulla oblongata and produced bulbar symptoms, a 
fatal termination is generally close at hand.' 

Treatmest. — Almost all authorities e.ro agreed that the internal 
remedies which we at present possess are of little or no avail. The treat- 
ment should consist essentially in attending to the condition of the gen- 
eral health, and in the syRtematic eiercise of the affected musclea by 
gymnastics, kneading, and above all, by electricity; each muscle should 
be regularly exercised in the mannei tlus-ribed on page 144, and the con- 
stant current may at the same time be pibsed through the affected por- 
tioQ of the spinal cord. Arsenic, strvchniue, iron, and nitrate of sill 
may be given internally. In svphilitic cases iodide of potassium shi 
of course be prescribed. 

In persons who inherit a tendency to the disease, care must be ti 
to avoid all the exciting causes which we know by experience are apt to 
set up the conditiou; it is particularly important to avoid the over-use 
of any set of muscles; exjiosure to cold and wet must also be carefi 
guarded against. 



»il-n^ 
:alM^* 



A. Primarif xyslem h-siona. 

B. Secondary system Usionn. 
V, Indiscriminate Ivxions. 



i 1. Primary lateral scleroais. 
I 2. Amyotrophic lateral sclerosis. 
Secondary descending degeneratio] 



^fal^_ 



' A limited atropliy of the tongue without bulbar symptoms, as in the case to 
■which I have previously referred, does not of neceBsity indicate a speedy lenaina- 



J 




■tion IKrougS Ihe upper dortal regioti 0/ (ft* tord in a cat of Piimarj) LBttral 
3ciero»li, NtnlFu"! vtllh oinrilne, maiinUd In i^mniir. anil muipilfted ahoiU 10 dlameltn, 
B, s, 3clert>wd |jBt«hM mapping out ths nglon of the crosied pjmnlditl tracts. 
Tbo prepif Atloa wiu mode from & poiHon of cord wbJah tos kindly sent m» by Dr. Pretehftild 
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PRIMARY LATERAL SCLEROSIS. 



Gexebal CoN-siDERATtONs AXD ^Etioloqt.— Thia is an extremely 
rare' ufTection. which hfts oaly recently been recognized as a distinct 
disease. It is most frequently met with in adults, usually commeiicing 
between the agos of thirty and fifty. Males are more liable to the affec- 
tion than females. The causes of the condition are quite unknown; in 
eome cases exposure to wet and cold ia blamed, hut whether it is actually 
the cause of the condition ia very doubtful. The affection seems nsnallv 
-to attack robust muscular individuals; and Dr. Donkin has suggested 
that it may possibly, in some cases, be the reanlt of exceeaive muscular 
effort.' 

Spastic paraplegia is not at all uncommon in children. In some 
cases, the contjition dejjends, as Kundrat' and Ross' have shown, upon 
arrested deTelopment of the motor tracts, the result of destruction or 
deficiency of the motor areas in the cerebral cortex. I have not had the 
opportunity of examining poat-morfem any case of this description, but 
I haTo met with several cases during life in which the lesion was, I 
believe, jiresent. 

In other cases, the spastic paraplegia of children seeme to be due to 
injuries to the head, or vertebral column, received at the time of birth. 

PiTHOLOfiT. — Although the clinical phenomena clearly point to a 
lesion of the crossed pyramidal tracts, the opportunities which have 
occurred of examining cases post-mortem, have as yet been too few to 
enable any very positive statements to be made with regard to the exact 
characters of the lesion. The most important case which has as yet been 
investigated is that which is recorded by Professors Morgan and Dresch- 
field, of Manchester, in the British Medical Journal for January, 1881. 
In it a Bymmetrical sclerosis of the crossed pyramidal tracts extended 
throughout the whole length of the cord, and so far as could be discov- 
ered this sclerosis was primary; the section shown in fig. 119 was made 

' The reviewer of the first edition of tliis work in the Qlasgow JUeilical Joui'nal. 
took exception to this statement, to which, however. I niUBt still adJiere — pri- 
nuirjr lateral flcleroais ia, in my opinion, extremely rare; the great majority of 
CHseB (iF spastic paraplegia, which are met with, are, I believe, teeondary, and 
even in many of llie cases in wLicli there ia no liiatinct history of tranuverse mye- 
litis, and fu which the Bensibility is normal, in which, In short, the lateral sclero> 
aia seems to be primary, it is probable, I think as Leyden supposes, that tlio 
starting point of the condition is in reality a tranaverso myetitia in the dorsal 
region, and that the lateral euleroeia ia therefore secondary. 

• Brain. January, 1883, p. 454. 

' • Die Porencepkalit, eiiie analomUelif Studie,' von Dr. H. Kundrat, Qraz, 
1883, H. 45 and 101. Quoted by Roaa in Brain, Oct.. 1882, p. 303. 

* Brain. Oct., 1882, p. 344, and Jan,, 1883, p. 478. 
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from a, portion of the cord of that case, which Dr. DresclifieJd was b 
enongli to send nie: in it the ajrcmetrical leaion of the crossed pyramid] 
tracts is beautifully shown; under a high power t!ic conncctiye t 
throughout the whole traneyerse section of the cord seems somewlu 
increased. ' 

In iuvestigating^os/-mor/effi caaeB of supposed primary lateral sclero- 
sis, it is essential to be perfectly certain that the sclerosis of the crossed 
pyramidal tracts is not the ordinary form of secondary descending 
degeneration; in order to determine this question, the lesion must bo 
gradually traced up the cord, medulla aud pons, and if necessary through 
the crura cerebri, and internal capsules, until its upjier limit is reached; 
aud it is only when the nervous stncturea at the upjier level of the 
lesion have been most scrupulously and carefully examined, and when 
the investigator is satisfied that thoro is no primary lesion which might 
have been followed by secondary descending degeneration, that he is in 
a position to conclude that the case is one of primary lateral sclerogis. 

Onset, Symptom8, and Couese. — Tho affection, which is an es- 
tremely chronic one, may conveniently be divided into three stages: — 

First. A stage of incomplete spastic paraplegia, which usually lasts 
for several years, and during which the patient is able to walk about 
with the help of sticks. 

Second. A stage of complete spastic paraplegia, which may also last 
for years, and during which he is confined to bed, the legs being rigidly 
oxtended, 

Third. A stage of extension of the morbid process, and of complica- 
tions, in which muscular atrophy, cystitis, aud bed-sores may develop}ii 
and in which intercurrent attacks of pneumonia or bronchitis &ia apt ^ 
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First Stage. — The onset is estreraely slow and gradual. Tho first 
symptom is nsually a feeliug of weakness, weight, and stiffness in the 
lower extremities, in consequence of which tho patient experiences some 
difficulty in walking. 

Occasionally the motor weaknees and stlffaeEs are preceded b; pain ta 
hock and limbs, but these seneory diaturbancts are not constant or charaotei 
Tbej probably depend upon a limited menin^tis. 

Should the patient present himself for examination at this stage of 
the disease, the only abnormal condition which can be detected is Blight 
stiffness and rigidity in the lower limbs, and increase of the deep reflexes. 

Tha weakness and stiffness gradually increase, and the charade rislic 
gait becomes fully developed; the patient walks with two sticks; each 
step is attended with evident effort; the feet appear to be stuck to the 
ground, and can only be moved forward by raising the pelvis, and with 
it the limb as a whole. In this process the back is strongly arched. 
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cbest thrown forward, the patient leans forcibly, first on one stick and 
then on the other, and apiwara to aid the elevation of the trunk b_v 
movements of his arnia. The toes are dragged along the ground with an 
iinpleaEant scraping noise, the knees are apt to interlock, and the foot 
wliicli ia being brought forward tends to cross in front of its fellow, bi 
some cases, iifter the foot leaves the ground, a peculiar hojiping move- 
ment of the whole body is observed. It is due, according to Erb, to 
spasmodic contraction of the calf muscles. 

Bigiditv, spasmodic twitchinga, and tremors, which may arise spon- 
taneously, but which are generally due to some external (reflex) irritation, 
or to attempts at vjluntary movement, affect the muscles of the lower 
extremities. Should the patient press upon the balls of the toes, when 
in the sitting or even in the standing position, a rhythmical tremor (the 
ankle clonus) is sometimes spantaneously set up. 

The condition of the affected muscles. — Tlie affected muscles, which 
are teuae and rigid, especially when manipulated, present no trace of 
atrophy, and their electrical irritability presents no distinctive altera. 
tions; in soma cas^s there is a ' simple increase ' to both forms of current; 
but in most cases the electrical reactions are normal, or there is a simple 
<leGrease. 

The deep refleses are markedly exaggerated, the hnee-Jcric being very 
marked, and the ankle clonus readily obtained; a knee clonus may some- 
times be elicited; and not uufrequently a blow upon one tendon produces 
a jerk of the opposite leg (radiation of the reflex). Any manipulation 
or external irritation throws the whole limb into a condition of tonic 
spasm, ■ The superjicial reflexes are sometimes exaggerated, sometimes 
normal, sometimes diminished or even abolished. 

I fonnerlj supposed that tlie diminution of the HUperQcial reflexes, which is 
seea in some cases of Bpaetic paraplegia, was only apparent, and that movements 
ot the leg did not result from tickling tlie eole, because the whole limb was 
thrown into a Etate of tonic extension by the reflex irritation. I still think that 
this explanation applies to some casfs. but the examination oC a well-marked case 
of secondary spasliu paralybis. which 1 hnve recently tiad under observation, has 
shown me that the superficial reflexes may actually be absent, while the deep re- 
flexes are marke<lly exaggerated. This fact can only be explained in one of two 
ways, either by supposing that tlie two seta of reflex impulses enter the cord by 
lUflerent channels, and that there is a break in the superficial, but not in the deep 
reflex arc; or, that the so-called deep reflexes are not true reflexes. If cases do 
occur in wliicb the deep reflexes are exaggerated, the superficial reflexes dimin- 
ished or abolished, and the senaory /uiicHoiim normal; if, in other words, it is 
possible for a. lesion conftned to the pyramidal iracls to produce exaggeration of 
the deep, without causing exaggeration of the superficial reflex movements, we 
must, I think, conclude that the two phenomena are e«sent[atly different. Ruoh 
A condition of matters seems a strong argument in favor of Dr. GowcrB* view 
that the so-called deep reflexes are compound phenomena, and that the blow npott 
(he tendon produces direct stiranlation of the muscular fibres, the irritabilitj ot 
wbich iiaa previously been reflexly increased by passive tension of the muscle. 
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There are no objective sensory disturbances, though increaeed En»- 
ceptibility to eoid is commonly observed. Tlie bladder and rectum are 
usually normal; there are no cerebral complications; the digeetive and 
other organs are healthy. 

OceaBionally, according to Erb, the lesion may afEect one leg only; or, 
it may involve one leg aud one arm. It is then apt to be confounded 
■with cerebral hemiplegia. 

Second Stage. — This state of matters lasts for a considerable time, it 
maybe for several years, but the stiffness and weakness gradnally be- 
come greater, and the second stage of the affection is at last reached; 
the power of locomotion ia no v destroyed; the patient lies in bed ft-ith 
his legs stiffly extended, the thighs closely approximated as the result of 
spasm of the adductor musclos, and the feet inverted. Ultimately, tht; 
upper eitremitioa may become affected in exactly the same manner ji^y 
the lovrer ones. ■■ 

Third Stage. — After the second stage has continued for some time-JH 
generally for some years — the morbid process may extend to the anterior 
comn, or to the postero-e sternal column. Should the anterior cornn 
become invaded, muscular afropky gradually invades the affected mns- 
cles, the rigidity and stiffness slowly decrease, the reflexes diminish, and 
ultimately become abolished. When the postero-external column is in- 
vaded, lightning-like paim md inco-ordinalion a.re mi^raddtid. Ingoinc 
cases cyatitie or bed-sores develop, and the patient dies from gradual es- 
haustion or from pyemia; in many cases he is carried off during tin- 
second or third stage of the affection by some accidental complication. 

The average duration of cases of primary lateral sclerosis is very long, 
ten, fifteen, twenty, or even more years." The affection does not of it- 
self seem to destroy life; death generally results from some inter-current 
affection, such as pneumonia or bronchitis. 

Diagnosis. — The rigidity aud increase of the reflexes (positive symp- 
toms), together with the facts that the muscles are well nourished, and 
that there is no derangement of sensibility, nor of the bladder and rec- 
tum (negative symptoms), show most clearly that the lesion ia limited to 
the pyramidal tracts. 

Having arrived at this conclusion, we have next to determine whether 
the ' lateral sclerosis ' is primary or secondary. It ia important to re- 
member: — thut primari/ lateral sclerosis ia an extremeh/ rare affection; 
that exactly the same motor symptoms (weakness, spastic paraplegia, and 
increase of the reflexes) result from the comparatively common condition, 
flecondary descending degeneration; that we are never justified in diag- 

' [a a case which came under mj' observation, in the year 19TT, and which I 
have recorded in the Medical Times and aaxelle, Dec. fl, 1870, page 638, the affec- 
tion bad commenced three years previously. It ia atill in *tatu quo. 
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TREATMENT. 

Doeing Aprhnari/ lateral sclerosis unlesa the liiatory shows an extremely 
slow and chronic onset; and unlesa we can satisfy oiuselves that there is 
no primary lesion present which could give rise to st'condary descending 
degeneration. The conditions which aro most likely to be mistaken for 
primary lateral sclerosis are (1) a chronic transverse myelitis, which has 
produced secondnry descending degeneration of the pyramidal tracts; 
(2) any lesion which produces slow compression of the cord, and which 
causes secondary descending degeneration. In making the diagnosis, 
special attention must be directed to the condition of sensibility, and to 
the state of the vertebral colamn. It mnst, however, be remembered 
that the absence of sensory derangements does not necessarily prove the 
casu to bo one of primary lateral sclerosis, for in old standing oases of 
" transverse myelitis, the sensory conduction may he regainc'l while the 
motor paralysis and rigidity remain. 

It would, of course, be impoasible to distinguish priroBiy lateral eclerosia From 
a chronic Indiscii ruinate lesion, such aa cerebro-spinal sclerosis, wliich chanoeil 
to be limited to the pvramidal irauts; but in practice such difficulties are not 
likel]' to occur. Tbe future course of tbe case, and tbe development of fresh and 
characteristi'; eymptoras, would be theonly means of arriving at a correct conclu- 
sion in such canes. 

The differential diagnosis of primary and secondart/ sclerosis of Hie 
pyramidal tracts in the lateral column ia given in the table on page 178. 

Progxosis. — The prognosis aa regards life is good; uncomplicated 
caaes ran a very chronic coarse, for the condition does not of itself tend 
to produce a fatal termination. 

The prognosis as regards recovery is nnfavorable; but Erb thinks that 
the prognosis ' as regards recovery is at least more favorable than in the 
other.forms of chronic myelitis.' ' 

Treatment. — Attention must bo directed to the state of the general 
health; the patient should spend as much of his time as possible out of 
doors; all reSos irritation is to bo avoided, and a minimum of active 
(walking) exercise allowed. The constant current should be pcrsever- 
ingly passed through the spinal cord; hut nobencGt, in fact rather there- 
verse, is to be obtained by local electrical treatment of the affected muscles. 
The spasmodic rigidity ia relieved by warm baths, but I doubt whether 
the ultimate result is beneficial. Erb speaks strongly in favor of a 
reasonably-conducted cold water cure; gaseous thermal springs may also, 
he says, be nsed; but simple thermal waters, nnless most carefully man- 
aged, are objectionable. Whore there is a distinct history of syphilis, a 
prolonged course of iodide of potassium and mercury should he tried. In 
other cases, nitrate of silver, ergot, and iodide of potassium should be 
persevered with; but the results hitherto obtained by drug treatment are 

'Zieingseii'j* Cyeloptfdia, vol. xiii. p. 645. 
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not encoma^ug. In casea which resiat the treatment indicated above, I 
should be dii^posed to apply the actual cautery as a coun tor-irritant. 1 

SECO.WDAIiY LATERAL SCLEROSIS. I 

(SECONDAET DEOENEBATION OF THE CROSSED PTBAMIDAL TRACT IS 
THE LATKKAL COLUMS.) 

As I have previously explained (see page 37) secondary degeneralion 
of the crossed pyramidal tract rcanits from any lesion which separate^ ita 
component fibrett from their trophic centres— tho multipolar nerve cells 
of the cerebral cortex. The sclerosis of tlie crossed pyramidal tracts is 
attended with spastic symptoms, rigidity of the muscles, and increase of 
the reflexes; and, when the condition is bilateral, Bpastic paraplegia will,. 
of course, be present; in cases which depend upon a chronic lesion, and 
in which the onset is slow and gradual, the symptoms very closely rese 
ble those of primary lateral gclerosis. The points of distinction betwee 
the two conditions are shown in the following table. 

JSfl differential diagnosis of primary lateral sclerosis, and of $pi 
paraplegia due to a chronic transverse lesion {chronic tranav»rs9 n 
litis or sloto compression of the cord). 
The symptoms common to both conditions are («) motor weakness in 
the lower estremitiea; (fi) rigidity and apusmg; and (c) increase of the 
deep refiexea. 

Secondary Lateral Bclerosli 

Primary Lateral Sclerosis, after a Chronic TransTem 

Lesion of the Cord. 

CJoMDmoN Of Motor weakness and ngi- UoCor weakneeaisthe 6rst symp- 

dit/ are usimlly devel- torn. Tlie rigidity follows the 

oped together. The parsplei^a. In the earlier 

rigidity is usually more Ktages llie pnralyai 

marked than the paraly. marked than the rigidity. 



Therti is no muscular There may b« lauacular atr 
atrophy at the upper at tlie upper level of 
levL'l of the paralyaifi. lesioii. 



Very slow and gradual. 
No eensory diaturboncee. 



Usually more rapid. 

More oi' leas or eren complel 
BRKatheaia. In cases of alow 
compreision, suhjectiv 
tions (shooting pains, etc. ) (lu« 
to preaaure on the posteriur 
nerve roots, are present.' 

' The aenaory diaturbances which are preaent in the earlier s 
tbia description may disappear v-hile the motor paraljaia and rigidity ri 
is owing to the fact that aensory conduction is much mure readily n 
liahed than motor couductioa. 
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The Condition 




■ 


Bladder and 


Normft! 


The bladder and rectum are ^H 
usually affected. ^| 


Rectcm. 




■ 


Thophic 


No trophic disturbancea 


Trophic disturbances of the skin ^H 


COSDinON OF 


of the skin. 


„„.tlm» occur. ■ 


THB Skin, 




■ 


Secondary degeneration of tlie croaaed 


pyramidal tract on one side ^| 


may be due either to a cerebral or spinal lesion; in both cases a coodi- ^| 


tion of spastic hemiplegia may be present. 


but the diSereutial diagnosis ^| 


does not present 


much difficulty. The chief points of distinction are ^| 


given in the following table: 


■ 


77/e differential diagnosis of the unHalerul sclerosis of the crossed pyr a- ^| 


midal tract due to a spinal, and to a 


cerebral lesion, respenlively. ^1 




Spinal Lesion. 


Cerebral Leiion. ^| 


The DisxaiBiTnoN 


In spinal cases the rigitt- 


In cerebral cases the rigidity ^H 


OP THE 


ity and loss of motor 


and loss of motor power are ^^| 


Paralvsis, and 


power are greater in. 


greater in the upper extreni- ^H 


ElQlDITT. 


and are usually conflneil 
'to, the lower extremity. 
An exception occurs in 
amyotrophic lateral acle- 
roaiB. but the atrophy in 
that condition is dis- 
tinctive. 


^H 




Tiiere is no paralysis of 


The face and tongue are usually ^H 




the face or tongue. 


affected in the earlier stages. ^H 


The CoKDiTiov 


In spinal cases there are 


Sensory disturbances are usually ^^k 


OF THE 


no sensory disturbances 




Srnsoby Func- 


in those in which the 


any. ia on the same side as the ^H 


tions. 


lesion is confined to the 
crossed pyramidal tract. 
Where the whole half 
segment is affected, there 
is anffisthesia on the op- 
posite side to the paraly- 


paralysis. ^H 


The CONDmoN 


Both forms of reflex are 


The Auperflcial reflexes are di- ^^| 


OF THE 


usually increased. 


miniahed or aboUshed, the ^H 


Reflexbs. 




deep reflexes exaggerated. ^H 


The History of 


In an acute unilateral 


In cerebral cases, the onset of ^| 


THE CaSB. 


myelitis, the onset of the 


the paralysis is almost invari- ^H 




piuslysis is abrupt; but 


ably sudden, and usually fol- ^H 




in chronic cases the 


lows an apoplectic fit (hemor- ^H 




paralysis and rii;idily 


rhayi' or eml>oliBm); the ri- ^H 




are de\oloped gradually 


gidiiy occurs later. ^H 
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The Pkesence of No cerebral symptoniB. 

OTHER CEHBBI 

Symptoms. 



Other cerebral i 
aUy present. 



Treatment. — The treatment of Kecoodary sclerosia of the crossed j 
pyramidul tmct is the same us that of the primary coDdilion. (See p 

177.) 



The indiscriminate lesions of the cord will he afterwards deacribeJ. ] 

COMBIKED aTSTESi LESION OF THE CB0S3BD PYRAMIDAL TRACTS 1 
THE LATEBAL COLUMN, AND OF THE ANTERIOR CORJfUA. 

AMYOTROPHIC LATERAL SCLEROSIS. 

Under tliu tfrm ^eUroi^e laiirale amyi)li'op]ii^ue. Profp-ssor CbarcC 
wae the first to describe an affectioii of the spinal cord, the pathologioi 




PotltUm of Ibc hand (n Amyotrophic Lattral Scleroiit.—\Aflcr Oiaf 

Hubatratiim of which is a combined Bclerosis of the pyramidal tracts, and"^ 
of the anterior cornna. The lesion is not, however, confined to the 
spinal cord, for it can be followed upwards through tht' medulla oblon- 
gata, and sometimes through the foot of tlio cerebral peduncle; the 
internal capsule is usually intact. On microscopical examination, the 
lesion of the anterior cornna seems to be identical with that of progrea»*.9 
ive muscular atrophy. The nuclei of the facial, hypo-glossal, and spin*!" 
accessory nerves are generally involved towards the termination of the 
case. The cervical enlargement is the part of the cord which is first and 
most affected. 

The 81/mpfoms which characterize the condition are: — loss of motors 



le 
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otor^H 



power and miisciilar atrophy, together with rigidity and tension of the 
mnscleB. Since the morbid process commenceg in the cervical enlarge- 
ment, the muscles of the upper limbs are first attacked. Charcot de- 
scribes three stages of tlie affection. 

Ill tho fir«t, wliich usually lasts from four to tweh'e months, the 
Bymptorasare confined to the upper extremities, and consist of motor 
weakness, which is soon followed by diffuse atrophy, and by rigidity and 
contractures. Fibrillary twitchings can usually be observed in the 
affected muscles. As the result of the muscnlar tension and contrac- 
"tures, deformities are produced, and the hand often becomes fixed in 
the position shown in fig. 120. 

In the neeond stage the lower extremities are invailed, the muscles 
become rigid, the tendon reflexes are increased, and for a time the cc 
dition of the lower limbs is identical with that which results from 
primary sclerosis of the lateral columns, viz., spastic puruplegia, to- 
gether with the absence of iiny marked sensory disturbanc.-s, and of any 
affection of the bladder or rectum. After a time, the morbid process 
extends to the anterior cornua of the lumbar enlargement, tho muscles 
of the lower extremities atrophy; the increase of the reflexes gradually 
diminishes, and tho rigidity and spasms gradually decrease. During t 
second stage the atrophy in the upper extremities becomes greater. 

In the Ihird stage all the symptoms are exaggerated; the morbid 
process extends to the medulla oblongutu; bulbar symptoms are devel- 
oped, and death results, tho fatal termination being, iu many cases, due 
to the extension of the lesion to the nticlene of the vagus. Dr. Buzzard 
points out that the lesion would probably extend npwards to the nuclei 
of the pons, and produce ophthalmoplefria externa, if it were not for the 
fact that the direction of extension is from below npwards, and that a 
fatal result necessarily follows as soon us the 'vital' centres in the 
medulla become implicated." 

In exceptional cases, the morbid process commences in the medalla 
oblongata and extends downwards; occasionally the lower extremities are 
lirat affected, and the morbid process extends from below upwards. 

The disease, so far as is known, is invariably fatal. The duration varies 
in different cases, but death usually results in from one to three years. 
The affection seems more common in females than in males. It attacks 
persons between the ages of twenty and fifty. The causes of the condi- 
tion arc nnknown. 

Diagnosis. — The mode of development, character of the symptoms, 
and course at once distinguish the affection from all other diseases of the 
spinal cord. 

The only affections with which it is at all likely to be confounded are 
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progressive muscular alropk;/. primary lateral sclerosis, and pachtfmeif-^ 
iiigitis cervicali't hi/pert ropliica ; the points of difEerential diatitictioi 
between amvotrophie Uteral aclerosis and these three affections are givei 
in the table on p. 336, 

The prognosis is most unfavorable; treatment has, up to the present 
time, been totally inadequate to chock the progress of the aSection. 



A. Primary siisiem lesion of the) L^^^tor ataxia. 
poatero external columns ) 

B. Secondary sgetetn lesion of the) Secondary ascending degener 
postero-inttmal columns S tion. 

C. Indiscriminate lesions. 

LOCOMOTOR ATAXIA. 
Synojiyms. — Progressire locomotor ataxia; tabes dorsalis; sclerc 
of the posterior columns. 

Definition.— hacoTaoiOT ataxia ia an extremely chronic spinal affeo 
tion, which is characterized in its fully developed stage hy difficnlty i'lB 
walking, not from loss of motor power, but from inco-ordination of tlM 
muscles of the lower extremities. 

jUtiolooy. ^The disease is much more frequent in males than in 
females, and occurs between the ages of twenty and fifty. ' I'riedreieh 
and others have described a hereditary variety, which is at least as com- 
mon in girls as in boys, and which usually presents certain differences 
from the ordinary variety." In the greater number of acquired (non-he- 
reditary) cases, there is a history of syphilis ; but, as I have previously 
remarked (see p. 68), it is doubtful whether syphilis is the sole cause of 
the affection ; that it has a very important influence in producing the 

' OF 149 CBSBB collected by Eulenburg. 123 were males and 31 fenialm. 
ages at which the disease oeourred in these cas^s were na ftjjlowa : — 

Ma] PS. Fern tiles. 

From to 10 years, 1 



10 ■• 20 
20 " 80 
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IB 



ncorded cases 



account of the heredilarj form, see an able ' critical digest ' 
by Dr. J. A. Omerod, in Brain, April, 1884, p, lOG, 
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diaease seems, however, established- Anything which exhausts or unduly 
excites thp fnnction»l activity of tho nerve tnbes composing the postero- 
external colnmna, in persons predisposed to the atTection, will probably 
act as an exciting cause of the condition. Blows on the spine, and other 
trenmatic injuries; exposure to cold and wet; sexual excesses; and 
acnte febrile attacks ; which in some cases seem to be the starting 
point of the iiffection, are probably exciting causes. It is extremely 
doubtful whether any one of them could produce the disease in a per- 
fectly healthy (non -predisposed) individual. Mr. H. Page has suggested 
that the disease may possibly in some cases have a peripheral origin.' 

A form of ataxia which closely resembles that of tabes doraalis ia oc- 
casionally met with after diphtheria. Drs. Julius Rudisch and George W. 
Jacoby have recorded two cases of this deacriptiou,' and one has come 
under my own observation. 

The prolonged administration of ergot of rye produces a disease of 
the posterior columns of the spinal cord, which, both in its clinical fea- 
tures and pathological appearances, is very similar to ordinary locomotor 
ataxia.' 

The affection is very commonly associated with general paralysis of ' 
Ihe i>ifane; Westphall indeed believes that in all cases of general paraly- 
sis in which the patellar tendon reflex is absent, sclerosis of tho jmsterior 
columns of the lower eud of the spinal cord will be found, even although 
there are no deSoite indicatioaa of motor or BeuEorr disturbance ia the 
lower extremities, 

pATHOLOnY.— On naked eye examination the membranes are usually \ 
eeen to be thickened and adherent over the posterior surface of the cord. 
The cord itself looks flattened in the antero-posterior direction, while the 
posterior columns and posterior nerve roots are evidently shrnnken and 
atrophiod. On section the posterior colnmna present a translucent gray 
appearance, and their consistency is increased. It ia seldom that an op- 
portunity arises of examining tho spinal cord in the early stages of the 
disease, and observers are not agreed as to the part of the posterior col- 
umns which are first uffected. Pierret found the ]>oBtero-external col- 
umns first invaded (see fig. 121), and Charcotagrees with him in thinking 
that the only necessari/ and essentia! lesion of locomotor at;ixia is sclero- 
sis of the postero-external eolumna. Striimpell differs from this view, 
for he found in two cases which he had an opportunity of examining in 
the initial stage of the disease, that the lesion in the lower dorsal and 

' Braijt, October, 1883, p. S61, 

'Architxaof MediHne, December. 1882, p. 2-10, 

' Tlie reader is referred for a more Jetniled account of et^ of rye ataxia than 
can lie rfven here, to a lecture by Dr. Althnus on Sclerosis of the Spinal C3onJ.— 
Brilith liledictd Journal, May 34 and 31. 18S4, p. 085. 



upper Inmbftr regions chiefly occupied the middle and anterior parts of 
the poaterior columns.' The lesion commences, in the great majority of 
cases in the lower dorsal and lumbar regions. As the morbid process 
advance:;, Che whole of the posterior columns (the postero-iDtern&l as 




le tection ot th? BpCnal card. Bbowing: the poaillon of tlin It 
lulu aGconltTiK lo PlprreC and Chareol^ according to SlrOmpell Ih 
dlo wid anterior paria of [lie poaterior column. 



' The foUowtng is a luore complete account of the spinal lesion in StTDiiipC 
first caue : the details ot the appearances in liis other cases are contained ii 
Julj' number of Brain, 1883, p. 274, from which the following aocount iail 
stracted : ' Microscopic examination showed in the cervical region a atnall al 
of degeneration to the outer siile of Goll's column, and another strip to the it 
side of the posterior cornu, where the posterior roots enter the cnrnu. There « 
also in the lower sections slight degeneration of the anterior part of Qoli's col- 
umn, the degeneration not extending quite up to the posterior commissure. The 
cord gradually assumed a healthy appearance as the medulla oblongata was ap- 
proached. In the upper domat region there was a thiu atrip of degeneration bor- 
dering the posterior Assure, and anotlier atrip sirailar to that described in the cer- 
vical region, but broader, to the outer side of GoU's column. In the Icneer dorgal 
and upper luntbar regions the«e two strips gradually broadened and approxi- 
mated, and ultimately formed one large patch of degeneration, occupying the 
middle and anterior parts of the pos(«rior column. The poaterior partot the col- 
umn was quite normal, as was also a small zone to tlie inner side of the anterior 
portion of the posterior cornu. The degenerative changes were moat marked in 
the upper part of the lumbar enlargement. In the loicer lumbar region the de- 
generated area diminished, and was found chiefly in the middle portion of the 
column, being bounded anteriorly and posteriorly by an intact region. There 
was a small zone of healthy tissue in the middle line in the lower sections, which, 
with ils fellow on the oppoaite sirie. formed an oval-sliaped area. It isof interest 
as corresponding to a group of fibres, which Flechsig's developmental researches 
enabled him to differentiate. It is important lo mention that in the upper part of 
the cord the lateral limiting layer (seitliche Grenzschicht) was not quite normal. 
The changes we have described were found in both poaterior columns, and were 
remarkabty regular and symmetrical.' 
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well as the postero-extemul) in t!ie lower dorsal and Inm'mr regions 
come invaded ; aud according to Lockhart Clarke, the lemon usually 
Tolvea the posterior cornu. In the cervical region the lesion ia usually 
limited to the postero-internal columns, and presents the ciiaracteristio 
features of a secondary ascending degeneration ; tlio tract of dcgesent- 
tiou can generally be followed tiirouph the medulla oblongata. The 
cranial nerves, especially the optic, and its expansion in the eyeball (('. e., 
the optic disc), iire apt to undergo the same gray atrophic change, and 
changes, similar to those met ivith in the spinal cord, have been ob- 
served by Woodhead and others, in the optic tracts and deep origins of 
other cranial nerves in the pons Varolii. Occasionally the postero-ex- 
ternal colnmns in the cervical region are also affected, and the character- 
istic symptoms (pains, inco-onlination, etc.) are then observed in the 
upper extremities. Towards the end of the case the morbid process some- 
times extends to the region of the anterior horn, or to the lateral col- 
umn. The direct cerebellar tract is also in some cases affected. 

D€j6rine has lately shown that in some cases of locomotor ataxia tiie 
peripheral nerves are affected with parenchymatous nenritis ; he believes 
that the lesion of peripheral nerves ia distinct and independent of the 
central lesion ; he describes two cases in which many of the symptoms of 
Iwomotor ataxia were present during life, and in which a peripheral 
neuritis, but no cord lesion, was found after death, and ho suggests that 
in some cases locomotor ataxia may eiiat independently of any disease of 
the spinal cord. That chronic inflammatory lesions in the peripheral 
sensory nerves may produce many of the symptoms of locomotor ataxia 
can be readily understood, and that peripheral neuritis may bs present in 
many, if not in all, cases of locomotor ataxia is quite possible, but the ao- 
cumukted experience of former observers seems to mc to conclusively 
show that the essential lesion of the chronic affection which we term lo- 
comotor ataxia is the sclerosis of the posterior columns with which we 
have been so long acquainted. 

The posterior roots are usually affected even in the earlier stages of 
the case, and in advanced cases the posterior root ganglia are generally 
implicated. 

There is much diversity of opinion as to the mode of origin of the cord 
lesion. According to some observers, the degeneration of the posterior 
columns is secondary to a ciironic meningitis ; others think the starting 
point is in the posterior root ganglia ; others that the sclerosis of the pos- 
terior columns is secondary to disease of the blood-vessels ; others that 
it is an interstitial sclerosis,' wliile others believe that the lesion is a 

' The ti^rin 'sclerosis' is usually given to this and to all tlioae lesiuus ia wliich 
the connective tissue of the cord is increased. The name is somewhat miBlead- 
iug, for it includes, at least, two distinct morbid conditions. In both forms ol 
sderosis the altimnte result is the destruction of the nerve elements, and the in- 
crease of the neuroglia ; but in one (locomotor ataxia} the lesion commences In the 
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parencbymatoaa nenritis. Space does not permit me to det&il the facts 
and arguments vhich h^ve Iiecn aJranced in support of these different 
vicwg. Suffice it to say that the balance of evidence seems to me to be 
in favor of tlio last mentioned view — in my opinion the spinal lesion in 
typical cases of chronic locomotor ataxia ia an extremely chronic inflam- 
mation, which, commencing in the nerve elements, leads to their slow 
destruction, and is attended, as a secondary result, with an incFease ol 
the neuroglial connective tissue. The more important microscopical 
characters of the lesion are shown in figs. Vii, 123, 134, 135, and 12G.' 

Mode of Onset, Symptoms, asd Cocrse. — The disease is an ei- 
ti-emely chronic one, lasting for ten, twenty, or even thirty years. The 
affection may be conveniently divided into three stages. 

Firs/. The stage of invasion, which ia nsnally characterized by light- 
ning pains, slight disturbances of sensibility in the lawer extremities, 
tomporar)' paralysis of some of the ocular mnscles, abolition of the pa- 
tellar tendon reflex, and sometimes of tbe reflex contraction of the pupil 
to light. This stage sontinnes for some months, occasionally it extends 
over eeveral years, and quite exceptionally it lasts indefinitely, and the 
second stage is not reached. 

Second, The staye of full development. ^Ths in co-ordination and 
characteristic gait are now present; the lightning pains continue; the 
disturbances of sensibility are greater. 

Third. T/ie stage of complications, ami of extension of the morbid 
process. — Complications on the part of the lungs, bladder, kidneys, etc.. 
may now be developed, and are often the canse of death. During this 
stage the lesion sometimes extends from tbe postero -external column to 
the region of the anterior cornu, or to the crossed pyramidal tract in the 
Ittteral column; muscular atropbyand spastic paraplegia wi 11 then be ob- 
served.' 



nerve elemeuta ; in tlie otlier {iJisBeminated sclerosis) in the nearoglia ; in tb« lat- 
ter case the destruction of the nerve elements is a secondary pruoeae, th« nerve 
tubes being, as it were, atrangled by the connective tissue growth which srar- 
rounda them. In locomotor ataxia numerous corpora amylacea 8ie found ; in 
dtssemlnated sclerosis tlie tisaue is filled with compomid granule corpuaoies, the 
lymphatic eheatha of the blood-vessels are crowded with oil globaleii. and fatty 
<iimrgarino?) crystals are sometimes to be seen in the sclerosed tisaue. Coinpound 
granule cells are also found in the earlier stages of locomotor ataxia, but they 
are, 1 think, much loss numeroaa than in disaeminaleil acIerosiB. 

' The full details of the case from which these sections were made, and which, 
through the kladness of Prof. D. J. Hamiltoo, I was enabled to eiamine When 
working in Ihe pathological laboistory of the Edinburgh nnivexsity, are recorded 
In the Edinburgh Alfdical Journal, January, 1881. p. 815. 

* I am aniioualj looking for an opportuniCj of observing a case of locomotor 
ataxia in which the lesion has extended to the lateral oolumn. Such a case ought. 
I think, to throw great light upon tlie exact character of the patellar tendon i*- 
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Such IB a bare enumeration of the most prominent featnreB of the 
affection. I will now consider the indiridaal svmptoms a little more in 
detail. 

Sensory disturbance^. — -ScleroBis of the postero-e sternal column ne- 
cegsitrily gives rise to some disturbance of seudbility. Lightning pains, 
hypenestheaia and anffistliesia of the akin, and retarded conduction of 
sensation, are the sensory derangements which are most frequently met 
with; and since the lesion of the postero-extemal columns is usually con- 
fined to the dorsal and lumbar regions of the cord, these derangements 
of sensation tiro usually confined to the lower extremities or to the lower 
part of the trunk. When the postero-externai columns in the cervical 
region are affected, the characteristic symptomB are observed in the upper 
extremities. In those cases in which peripheral neuritis is present, the 
sensory disturbances are partly due to the lesions in the peripheral nerves. 

Tlie lighfniiig pains are usually the first Bymptoma to attract atten- 
tion, and are often mistaken for rheumatism or neuralgia; they occur in 
paroxysms, and may be extremely severe; they are sharp and shooting in 
character, and of momentary duration; some patients compare them to 
forked lightning, others say they resemble a powerful electric ahock, or 
the eSect which would be produced by running a knife into the flesh or 
into a joint. Unlike the shouting pains of ordinary neuralgia, they are 
not referred to the skin, but to the deeper structures, and they do not 
usually radiate in tho superficial areu of distribution of any individual 
Verve, as the pains of ordinary neuralgia do; in the great majority of 
cases they are felt in the lower extremities or in the pelvic organs (bhul- 
derand rectum). Where the postero-extenial column in the cervical 
region ia implicated, the lightning pains are referred to the upper ex- 
tremities. In exceptional cases they are experienced in the head and 
scalp. Occasionally they are felt in the region of the stomach, and are 
then iigually associated with vomiting and symptoms of dyspepsia. (See 
gastric crises, page 194.) They are almost invariably present in the first 
and second stages of the disease, and not unfrequently continue through- 
out its whole course. Exceptional cases are sometimes met with in which 
the lightning pains persist for years, and are not followed by inco-ordi- 
nation. Buzzard has recorded such a case, and I have now under ob- 
servation a patient who has for more than twenty years suffered from 
most chai'acteristic pains and blindness, the result of optic atrophy, and 
who has no inco-ordination ; in his case, as in that recorded by Buzzard, 
the knee-jerk is absent.' The lightning pains are sometimes so severe as 

flex. In tjpicftl caaea at locomotor ataxia the deep reflexes are aboliBhed, but in 
lateral Bolerosis they are cbarBcteristically increased. The condition of the knee- 
jerk in a case of locomotor ataxia wliich has become complicated with lateral 
soleroeis ia the pointwhiclil wish particularly ti 
' Di»ea»e» of the Nervous Sifstem, p. 7. 
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to RiAke the patient tire of life; and cases liave occurred in which ataxics, 
worn out by i-epeuted attHcka of lightning pains and despairing of relief. 
have committed self-destruction. 

Hypermstke»ia of the skin ia observed in many cases; like the lanci- 
nating pains it is paroxysmal and fugitive— here to-day away to-morrow. 
The girdle sensation, which is, as we have seen, the result of hypenes- 
thesia, is present in ii considerable number of ciKes. 

Anaslheaia. — Loss of tactile sensibility is a very common symptom. 
In the earlier stages of the afiection it is partial or incomplete; later it 
maybe total. Sensibility to pain and terajjerature is often also impaired. 
In conseqaence of the incomplete aniestliesia, various subjective altera- 
tions are experienced by the patient; in many cases, for example, he feels 
as if lie were standing on cotton wool, a bag of feathers, etc. 

Retardation of sensory conduction, especially of the conduction of 
painful imprassions, is present in a considerable number of cases; tb<? 
prick of a pin, for example, may be at once felt as a tactile impulse, 
but a considerable interval may elapse before a sensation of pain is ei- 



Derangements of the motor nerve apparatus. — Since the lesion is, in 
the great majority of cases, confined to the lower portione of the cord 
(the Inmbarand lower dorsal regions), it follows that the motor derange- 
ments, which constitute the most striking feature of the disease, arc 
usually observed in the muscles of the lower extremities. The most 
prominent motor derangement is ditRciilty in walking. It is duo to 
inco-ordination and not to loss of motor power; it is necessary to em- 
phasize this fact, and to cull attention to the circumstance that the mus- 
cles are well developed during the second stage of the disease, for th« 
difficulty in walking was formerly thought to be due to paralysis, and 
the disease was classed with many other affections under the common 
term 'paraplegia.' The ditficulty in walking and standing is at first 
slight, and is only noticed in the dark or when the patient shuts his eyes; 
in many cases the unsteadiness is first observed when the patieut washes 
his face; he finds that when ho shuts his eyes to protect them from the 
aoap, he has difficulty in maintaining his equilibrium, and tends to 
stagger and fall. 

Should the patient come under observation at this stage i)f the dis- 
ease, the co-ordinating and balancing powers are to be tested in the 
manner described on pages 118 and llf). 

In the course of time the inco-ordination becomes greater, and the 
characteristic gait is developed. 

The gait of locomotor ataxia — The gait is very characteristic, though, 
as has been already mentioned, not absolutely pathognomonic: the pa- 
tient walks with sticks; in typical cases, he keeps his eyes fixed on his 
feet or on the ground in front of liim; the steps are taken at r^ular 
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intervals, slowly ami with deli lie ration, but the movements of the legs 
iire irregular; tbo faet are jerked outwards, the heels bought Buddeuly 
10 the ground with a stamp. In uncomplicated cases he walks in a 
ilraight line. Tlicre is no giddineaa, the unsteadiness being, as Duchenne 
long ago pointed out, not due to the head but to the legs. 

The unsteadiness in walking and in gait is much aggravated by psy- 
chical causes; ataxic patients, knowing their unsteadiness, and dread- 
ing accidents, are extremely loth to move in the dark, to walk over a 
slippery pavement or in a crowded thoroughfare. The extreme unstead- 
iness which they manifest under such circumstances is partly due to 
timidity. 

When the lesion involves the postero-e sternal columns in the cervical 
region, in co-ordination of the muscles of the upper extremities will of 
course be observed. 

lu exceptional cases the lesion chiefly involves the mid-<lorsal region, 
and the inco-ordi nation aSects the muscles of the spine (See page 73.) 

During the stage of full development the nutrition of the muscles is 
well preserved ; their electrical reactions are either normal or undergo a 
simple decrease; in the earlier periods a simple increase sometimes 
occurs. In fully developed coses the muscular sense is impaired, and in 
some cases altogether abolished. 

In the third stage of the disease, the lesion occasionally extends to 
the anterior coruua ; atrophy of the muscles then develops. The nerve 
nuclei in the (ions and medulla may be invaded in the ;ame manner. 
Buzzard has recorded two cases in which ophthalmoplegia externa was 
developed.' 

Tlte coiidilion of the reflexe.i. — The patellar tendon reflex is gener- 
ally abolished at an early stage of the affection,' and in m&n^ ca^s of 
this description, as Buzzard, Erb, and other observers have shown, the 
'mechanical irritability' of the quadriceps extensor cruris may be normal 



Tho condition of the snperficial reflexes varies in different cases. In 
the majority, the plantar reflex is impaired at an early stage and finally 
abolished ; but it sometimes happens that a lively reflex can he obtained 
by tickling the sole when the patellar tendon reflex is completely obliter- 
ated — a fact which is probably to be explained, as I have previonslj* 
suggested, by supposing that the course ot the fibres, which conduct the 



' Brum, April, 1882, p. 84. 

* In those exceptional casee in which the knee-jerk exists, the lesion is prob- 
ably situated above the lumbar enlargement. Two nasea of this description 
have come under my own notice; in both, the in co-ordination involved the mus- 
cles of the trunk more than the muacleB of the lower extremities, and was of the 
'coane' Idnd which I have described inspeakingof cerebro-spinalscleroais. (See 
j)age73.) 
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superficial and deep reflexes through the posterior columns uf the cordlj 

different. (Seq fig. 12J.) 




Diai/ram 


malic representaiio 


"/ 


hert 


Aexfu, 


cUon 


oflMSpinai 


SeBm™r ^ 


TlMlartlukEfiH'einetitlBnorm&l. The 


rlKbtbolC 




eearljBtOge 




tliep<wlUonoflba 


»sloa being abaded d 














S,8ldnfromwh 


hseiiiioi7nbr«pB» 


th 


■oueh 








nerT<!lraiik.|M>*M- 




br ho™ of gray ma 




otlie 


redei centra 


41, T, Tendon 


muBcle.an>lt>au«.. 


mim which the ut 








dBnp 


reUei moven 


wnta. Three Hbr« 




















to( 




ft halt 




lit. The doll 


'dUnepuatuBfroiu 


lheero«edp)Tiiral 


Bl tneC In Ihe latera 


CO 








iahlbilorT fib 




The arrows show 


the ODurae of the re 


aei 


mpuUe. 








OnOwrlKhtslde 


the deep reflex mo» 


met 


uare 




a be arrested b; a lesion in Otf p(vUn>- 



















The pupil reflex to light is abolished iu a large proportion of cases; 
and it ia important to remember that in these cases the contractility of 
the iriaon efforts of aeeommodiition for near objects, i. e., on converg- 
ence, ia still retcined. This condition was first described by Dr, Argyll 
Bobertson, and is so me times called the 'Argyll Robertson phenomenon.' 

The abolition of the pupil reflex is, I think, probably due to a lesion in iJio 
neighborhood of Ihe aqueduct of Sylvius, and ia independent of the cord lesion. 
The controciion of the iris, whicli is produced by a ray o( light fulling upon tli<^ 
retina, ia a reflex act:— the sensory fibres whicli carry the impreesion inwards 
are the fibres ot the optic nerve;— the centre le probably situated iu the gray mat- 
ter around the aqueduct of Sylviiw; — the motor fibres which carry the impresaicn 
outwards are tlie fibres of the third nerve which supply the circular fibres of Ihe 
iris. Now, in those cases in which the Argj'll Kobertson phenomenon is preseiil, 
there may be no aSection of vision. Hence the break in the reflex arc is not 
aituattrd in the retina; nor in the optic nerve between the retina, and that pumt 
at which the fibres ot the optic nerve carrying visual impreaaions to the cerebral 
cortex diverge from those which pass to the reflex centre for the pupil ; while tbe 
fact that the pupil responds tii efforts of iiccommodatton seems to show that fc" 
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reflex centre, and tlie motor nerve, i. e.. tliB third neire, are healthy. (I ;iii» 
awaro that some writerit argue from this fntt that tbere are two centres for ihe 
iris, one connected with the reflex aclion to light, the other with the Bf ini-rolLiti- 
tary action of the pupil on accommodation for near objecta.) Hence I am of 
Opinion thiit the break in the reflex arc is probably Bitunted either in the corpora 
gtuiculata, or at a point between the corpora geniculala aud tlie reflex centre in 
the gray matter of the aqueduct of Sylvius. 

DiTutigements of Ike vesical and recfal rnflex mechanisms are fre- 
quently met with in locomotor ataxia. In the earlier atngea, aymiitoms 
of vesical irritation, such as painful micturition, 'precipitant ' uH;-.ation, 
stabbing puins in the neck of the bladder, etc., are the most frequent; 
in iLo fully developed periods, piiresia of the detrusor, with consequent 
slow micturition and dribhling, or actual paralysis of the bladder may 
occur. In the third stage, cystitis isa common complication, and com- 
plete insensibility of the urethra is occasionally obsorved. 

C'o-ialipatioii occurs in the great majority of cases ; in some, it ia due 
to diminished or abolished reflex action ; in others, to paralysis of the 
gut. Stabbing pains and a pecnliar, painful feeling of over-distentionof 
the rectum are frequent during the first and second periods of the dis- 
ease. AniEsthesia of the anus is occasionally associated with the anees- 
tbesia of the urethra, to which I have just referred. 

Attacks of diarrltcea, whicii seem to be in some respects analogous 
to the gastric crises and attacks of vomiting, are of exceptional occur- 
rence. 

The nerual reflex, — In the earlier stages, increased sexual desire 
(satyriasis) is not uncommon ; it ia usually combined with a condition of 
'irritable weakness.' In fully developed cases, the sesnal appetite is 
Qsnally very much impaired, or completely abolished, and in the later 
periods there may be absolute impotence. 

Thr eye *tiiiiptoins of locomotor niacin. — Derangements of the visual 
apparatus are frequently met with; the more important are: — 

1. Temporary paralysis of the levator palpebrsB superioris, giving 
rise to ptosis ; or, of one or other of the straight muBclea of the eyeball. 
producing diplopia and (sometimes) squint. These conditions are of com- 
mon occurrence in the earlier periods of the case, and are of considerable 
diagnostic signiticance. 

2. Loss of the pupil reflex to Uijht. — This condition, and the so- 
called ' Argyll Robertson phenomenon/ have been already referred to. 

3. Myosis — contraction of the pupil. This condition occurs in a 
considerable number of cases ; in some the contraction is extreme, and 
the pupils are 'pin-pointed.' Moderate contraction of the ptipils is 
probably due to a destructive lesion of the sympathetic fibres in thecilio- 
spinsl region of the cord ; but extreme contraction — a condition which 
ia not uncommon tu the later stages of the disease — can harflly be due to 
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simple paralysis of tlie radiating fibres, especially when it is rememhei 
that in many of these cases the reflex contraction of the pupil to light 
ia interfered with. Extreme contraction probably results from an irri- 
tation of that portion of the third nerve niicbus from which the fibres 
which flnpply tlio eirculai' fibres of the iris proceed. 

4. Inequality in, size of the two pupils. — This condition is sometimet 
met with; in some cases it results from derangement of innervation; in 
others it is due to iritic adhesions, which have in all probability resultai' 
from previous syphilis. 

5, Optic atrophy— dimness of vision —loss of the perception of colt 
— Gray atrophy of the optic nerve occurs in a considerable number of cases. 
The perception of colors is interfered with; green is first lost, then red. 
then yellow, and last of all blue. The visual field is diminished, and 
finally complete blindness may be established. The characteristic atrophy 
of the discs can of course be seen with the ophthalmoscope ; and it is 
important from a diagnostic point of view to remember that this eymp- 
torn may occur at an oarly stage of the disease, indeed, in some cases, at 
in one which I liiive myself observed, and in another recorded by Dr. 
Blizzard, it is the first symptom. 

0. Ophthalmoplegia externa. — This rare condition, in which all the 
external muscles of the eyeball arc paralyzed, has been observed by Bni- 
zard ' in two cases of locomotor ataxia, and probably depends upon the 
fact that the nerve nuclei in the pons Varolii have become destroyed in 
the same manner as the multipolar nerve cells of the spinal cord are oc- 
casionally destroyed in the advanced stages of the case. Mr. Hutchin- 
son found in six of his cases of ophthalmoplegia externa 'the lower 
extremities more or less weak, and a condition approaching more or 
less closely to locomotor ataxia,' and he makes the important remark, 
' there can be no doubt that ophthalmoplegia externa is sometimes a jiart 
of the general malady known as progressive locomotor ataxia, especially 
when that disease is due to syphilis." 

Trophic alterations in the skin are occasionally, though not very 
frequently, observed. Herpetic eruptions are the most common; the 
vesicles occur in successive crops, and in some cases a distinct relation- 
ship can be traced between the crops of herpes, and attack of lightning 
pains. Towards the terminal period of the disease, bed-sores sometimes 
form, and tend to hasten the fatal termination. 

Trophic alterations in the bones and joints. — Professor Charcot was 
the first to direct attention to the peculiar disease of the bones and joints 
which occurs in a small proportion of cases of the disease. The condi- 
tion seems to be more common in women than in men; the joint tissnos 
become rapidly disorganized; the heads of the bones are absorbed; 








marked deformities may be produced. These alterations, which are 
well seen in figs. 128, 139. and 130 (copied from Charcot), may give rise 
to marked external deformities (see fig. 131). A remarkable feature of 
tte joint lesion is the fact, that it ia attended by little or no pain — a 
oircnmatauce which ia probably due to the associated analgeaia. The lar- 
ger ioints, such as the knee, shonlder, and elbow, arc most liable to be 
uSected. The soft tissues around the joint are much swollen, the swell- 
ing being partly due to aeroua effusion, partly to solid induration. The 
pathological alterations are very similar to those met with in chronic 
rheumatic arthritis; but the two conditions differ in the facts: (1.) that 
one is acute and the other very chronic; (2.) that in chronic rheumatic 
arthritis the smaller joints and the hip are most frequently affected, 
whereas in locomotor ataxia the knee and shoulder are moat often in- 
Tolved; and (3.) that, in the joint affection uf locomotor ataxia, there is 
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nfluaily a considerable amount of liquid effusion, not only into the joint 
itself, but into the surrounding soft tisanes, and that dislocations are 
very apt to occur; iu chronic rheumatic arthritis effusion into the joints 
ia seldom seen, the soft tiaauea are not infiltrated, and dislocations are 
very rare. The affected bones become more friable, and are apt to frac- 
ture spontaneously, which condition, like the joint affection, is nnat^ 
tended by pain. The exact pathological cause of the joint lesion is not 
yet decided. Some authorities believe that it ia due to an affection of 
of the anterior comua of the spinal cord — a view which seems to be con- 
tradicted by the facts, that there is no associated muscular atrophy, that 
the joint affection may be an early symptom, and that the anterior cor- 
Qua have been foand healthv in Bome cases which bare been examined 
13 



post-mortem. Dr. Buzzard tliiuka that it is probably due to a Ipaion of 
the medulla oblongata. 

The condition, which has been long known under the name ot perfu- 
rating ulcer of the font, has been observed in some cases of locomotor 
ataxia, and aeems to be analogous to the trophic lesions previously 
described. 

Spontaneous shedding and deformities of the toe tiails, usually the 

nails of the great toes, and falling out of the teeth, have also been ob- 

■ served in a considerable number of cases; these trophia lesions are alwa^ 

1 associated with attacks of lightning pains, and are by some obeervere 

ipposed to be due to neuritis of the peripheral nerves.' 

Gastric crises.— Attacks of vomiting and gaatralgja occur in a small 
proportion of cases, and have been termed 'gastric crises.' They are 
more frequent in women than in men, ami are, as Dr. Buzzard has shown, 
apt to be associated with Charcot's joint lesion. ■ 

These gastric crises may occur, as Oh.ircot has pointed out, quite at 
the outaet of the affection. They are characterized by sudden paroxys- 
mal attacks of severe and copious vomiting and pain in the stomach, 
and are usually accompanied by great prostration and headache. The 
abdomen ii retracted, the bowels constipated, there is no fever, bat the 
pulse may bo unnsually rapid. Leyden stat.-s that gastric crises are not 
peculiar to locomotor ataxia, but. are sometimes met with in other cord 
Icsioiia. Tliey neom to be analogoua to the lightning piiins with which 
indeed they are usually associated. In the few cases w.liich have Ijeen 
examined the stomach has been found healthy. Dr. Buzzard euggcsts 
that they are due to irritation of the nucleus of the vagus. This 
. opinion, he states, has received support from an observation of Pierret, 
who found in a case of tabes, with characteristic gastric crises, sclerosis 
of the fasciculus gracilis in immediate relation with the nuclens of the 
vagus. ' The fibres of the vagus and accessory are in such close proi- 
imity at their point of origin that chronic inflammation of the immedi- 
ately adjacent tissues may be expected to cause both sensory and motor 
disturbance— pain in the stomach and vomitiug." 

The mental faculties are usually quite clear, but, as I have previously 
remarked, this disease is not uncommon in patients suffering from gen- 
eral paralysis of the insane. Temporary apoplectic and epileptiform 
attacks have occasionally been observed. Intereurrent febrile attacks 



' In a caa© of shedding of the teeth reported by Deraange, and which waa 
examined pMt-mortev^, sclerotEi; lesions were found in tile Qoor ot the fourth 
veDtricle, and the nuclei of several of the nerves, includiag that of the trigem- 
inus, were implicated. For a full description of the trophic affection of the naili,. ^ 
Bee Dr. Domecq-Turon'a work, ' De la Chute de la Di/gtrophie dee Ongks chetl$ 
Alaxiqites.' 

'Brain, April, 1882. p. 49. 
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occasionally occur, and repeated attacks of bronchitis are eometimes, 
though rarely, observed. 

Course. — The affection ib very chronic; cases frequently last ten, 
fifteen, or twenty years; periods of temporary improvement are not un- 
common, but tlio termination is almost invariably in death; the fatal 
termination is generally due to some intei-current pulmonary affection; 
to cystitis and surgical kidney; or the fatal issue is accelerated by the 
iormatiou of a bed-sore. Schultze (Archiv f. Pdych. xii. p. 332, quoted 
in Brain, April, 188^, p. 133} has recorded a case in which most of the 
symptoms disappeared, but in which the pathological lesion character- 
istic of the disease (i. e., sclerosis of the posterior columns of the cord) 
atill remained. 

Diagnosis.— /» ihe earlier stages, i. e., before the inco-ordination 
and characteristic gait are developed, the pains are often put down to 
rheumatism or neuralgia. The characters of the pains (see page 187) 
are, however, quite peculiar, and, to a well-informed observer, at once 
suggest a lesion of the posterior columns. When optic atrophy is an 
early symptom, its true character may in such cases be easily overlooked: 
locomotor ataxia should always be suspected when dimness of vision and 
optic atrophy are established without any obvious cause; and the other 
early symptoms, especially lightning pains, abolished patellar tendon 
reflex, the ' Argyll Eobertsou phenomenon.' and commencing ipoo-ordi- 
natton should be carefully inquired after. The stomach attacks {crises 
gaslriijues) may alsooccur before the inco-ordi nation is developed, and 
in these cases ihe condition is often put down to simple dyspepsia. 

When the second stage is reached the diagnosis should present little 
difficulty. The facts, that the gross motor power is preserved, and that 
the difficnlty in walking depends upon in co-ordination, at once distin- 
guish the case from the paralytic aftectiona with which it was at one 
time confounded. Disease of the cerebellum and cerebro-spinal scle- 
rosis are the two affections which ore most liable to be mistaken for loco- 
motor ataxia. 

The differential diagnosis of locomotor ataxia and cerebellar disease, — 
1. In cases of cerebellar disease, the gait is different; the patient reels 
like a drunken man, and complains of feeling giddy; or, he walks with 
that form of gait which depends ou weakness or inco-ordination of the 
lumbar muscles. 

2. Positive symptoms of cerebellar disease, such as vomiting, head- 
ache, double optic neuritis, are present. Hemiplegia occurs in some 
cases of cerebellar disease; and tonic convulsive attacks, in which the 
muscles of the apine are chiefly affected, may bo observed. 

3. The characteristic early symptoms of locomotor ataxia (lightning 
pains, abolished knee-jerk, 'Argyll Robertson phenomenon,' and sensory 
derangements) are wanting. 
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The differential tliai/nosis of li/pical ernes of cerebrospinal gclerot 
and of /ocomofor ataxia presents no difBcuity, and ia made by attentitm., 
to the following pointa:^ 

1. Tlieffiiil. — This is quite different in the two cases (see pages 71; 
and 72). 

2. TIte condition of the meiital faculties and of speech. — In locomotor 
ataxia the mental functions are usually quite clear; there is no affection 
of speech; vertigo and headache are uncommon. In cerehro-apinaJ 
sclerosis there is usually some dulling of the mental faculties; vertigo 
and headache are frequent; and alteration in speech common. 

3. The presence of a rhythmical tremor on volvntary movement. — 
This, which is such a characteriatic feature of cerebro-spinal sclerosis, 
does not occur in locomotor ataxia. 

4. The presence of lightning pains. — These are not present incerehro- 
epinal sclerosis, unless the postero-esternal columns are invaded, 

5. The condition of the patellar tendon reflex, — The knee-jerk is 
(usually) exaggerated in cerebro-spinal sclerosis, though it may be abol- 
ished when the lesion involves the postero-osterna! column in the luml 
region; it is, of course, abolished in locomotor ataxia. 

C. The condition of the pupil. — The Argyll Robertson phenomei 
does not occur in cerobro-spinal sclerosis,' but is very generally pi 
in locomotor ataxia. 

But while there is no great difficulty in making a diagnosis in typtctU. 
cases, there are other cases in which the distinction is very difBcult or 
even impoasible. In caHcs of locomotor ataxia, for instance, in which 
the lesion ia chiefly situated in the dorsal region, and in which the lum- 
bar enlargement escapes, the inco- ordination involves the spinal muscles 
rftthiT than those of the lower extremities. The gait differs from the 
typical gait, which depends upon sclerosis of the postero-intemal col- 
umns in the lumbar region. Again, in those cases in which the lesion is 
confined to the dorsal region, the knee-jerk may be exaggerated. The 
differential diagnosis in such cases must be determined by the facts 
placed under 2, 3, 4, and 6 in the previous paragraph, tugelher wil 
history, general course, and development of the two affections. 
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' M. Vincent, quoted by Robin, statea that in (TsaeB of cerebro-spinal eclerosia 
in which there ia mjosis, the pupil contracts both to light aod to efforts of aocom* 
modation; while M. Coiugt, also quoted by tlie same writer, Kays that in two 
CBsee which he examined, the pupil acted feebly to light, but energetically on ae- 
commodation for near objects. — Lea trembles Oculaireadanslea maladies At ti 
j>AaIe, page 313. In a very typical case of the disease (cerebro-spinal bcIi 
which I had under observation when the first edition of this work wa 
there was marked myosis, but the reaction of the pupil both to tight and accom- 
modation was enorgf^tic. Professor Charcot and M. Pariuaud state tliitt the 
movetnenla of the pupil both to light and accommodation are normal or exagget- 

" Le Progris Midical, Aug. 9, 1884. 
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tlie lesion in the early stage of cerebro-spinal sclerosis might be limited 
to the poetero-external columns in the lower dorsal and Inmbar regions, 
and the symptoms be identical with those of locomotor ataxia; the differ- 
ential diagnosis could then only bo made by attention to the general 
features of the case, the manner in which the symptoms develop and 
progress, and by observing thS future course of events. 

Proonobis. — The great majority of cases of locomotor ataxia nlti- 
roately lead to death; remissions in the severity of the symptoms are not 
uncommon ; complete intermissions occasionally occur; aud in a small 
number of cases a cure is established. Cases with a strong syphilitic 
history, which come under treatment in an er,rly stage, are probably 
Bometimes cured by anti-ayphilitic treutmeut, but such a happy event is, 
I think, rarely to be expected. Schuttze has recorded a case in which 
most of the symptoms disappeared, but in which the pathological lesion 
in the cord remained, and was found after death. 

Treatmf.st. — In the earlier stages of all cases a vigorous anti-syph- 
ilitic treatment should be adopted; tincture of iodine may bo painted 
over the dorsal and lumbar spines; ergot is strongly recommended by 
some authorities. Where these means fail, the galvanic treatment ' 
should be commenced, and nitrate of silver (^ to ^ a grain three times a 
day) admiDiBtered. The drug must be giveo for some months, oot coii- 
tinuously, but with occasional intermissions, so as to avoid the risk of 
'staining.' The actual cautery may also be applied on each side of the 
spinal column, at a point corresponding to the seat of the lesion; gome 
authorities speak very highly of this form of counter-irritation, others 
have not found it give relief. Dr. Kumpf claims to have obtained, suc- 
cessful results from the application of the electric brush along the back 
and legs; he describes one case in which lightning pains, ataxia, and 
disturbed micturition, which had lasted for two years, disappeared after 
a &ix weeks' course of treatment.' 

Baths are strongly recommended by some German observers, and 
Bosenthal' speaks very highly of hydro- therapeutics. Exposure aud 
over-fatigne of all kinds must bo avoided. The general health is to be 
carefully attended to, in accordance with general principles. Where 
there is a tendency to emaciation, cod-Hver oil is often highly bene- 
ficial. 

The Ughtninfi pains are best relieved by subcutaneous injections of 
morphia; bromide of potassium in large doses, and the constant (galvanic) 
current, in some cases give relief. Althaus speaks highly of the salicy- 



' For the manner of applying the galv 
' Nmndog. Centralblatt, 1883, No. ? » 
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late of soda in twenty 'grain doses,' but in my hands it has not proTeA n 
very efficacious. Buzzard relieved the pains in one of his cases by Indian 
hemp. Belladonna and sulphate of quinine have also been recom- 
mended. Stretching the sciatic or other large nerve trunk seems to re- 
lieve the pains, but it does not appear to produce any benelicia] effect 
on the generjil course of the disease, and it is uot altogether free from 
danger. A decided opinion, either for or against this plan of treatment, 
is hardly, I think, as yet warranted by facts. 

The gastric aftacks are probably best treated by morphia; but bis- 
muth, and saccharated pepsin, in doses of fifteen to twenty grains with 
each meal, are strongly recommended by Hammond.' 

The opiic atrophy is uninfluenced by treatment; strychnine, which 
seems useful in some cases of optic atrophy arising from other causes, 
does not appear to produce any beneficial effect on the gray atrophy of 
locomotor ataxia, while it is hurtful rather than otherwise so far as the 
general condition is concerned. 

The derangements of the bladder and rectum, bed-sores and other 
complications, must be treated on general medical principles. 



IXD1SCRIMINA.TE LESlOm. 



(1) Myelitis \ 



t Acute. 
I Chronic. 

(2) Landry'a Paralysis. 

(3) Disseminated Sclerosis. 

(4) Intra-medullary Hmnorrhags. 

(5) Intra-tnedullary Tumors. 



Inflammation of the spiual cord may be either acute or chnnio; t 
it is necessary to consider the two varieties separately. 

AcCTE Myelitis (Acute infiammaiioti of the spinal cord). 

.^Itiologt, — In many cases the exact cause of the attack is obaonn 
The conditiou seems more common in youth and early adult life than U 
children or old people," 

Predisposing causes. — Anything which debilitates the system as a 
whole, and the cord in particular, seems to act as a predisposing cause. 
Sexual excess, and excessive muscular exercise, probably act as predis- 
posing causes; though I have known excessive muscular exertion act ae 

I British Medical Journal, Nov, Q, 1878, p. 687. 

' Diseases of Itie Nervous Si/stem, p. 633. 

' The Bystem disease (polio-myelitis anterior acuta) is, as has been already 
pointed out, very much more common in children than In adults; but that affec- 
tion has been expressly excluded from the present section. 



an excitiDg cause, tiad reproduce a myelitis which had been recently 
recovered from. 

Exciting causes. — The chief exciting causes are exposure to cold and 
wet; traumatic injuries, such as blows on the back, coacusaions of the 
spine; exten&ion of the influramatory ppoeess from adjacent and diataut 
parts, especially from the (adjacent) membranes, or from the (distant) 
urinary organs; acute inflammatory affections, such as diphtheria, small- 
pos or typhoid; ' syphilis: excessive bodily exercise, though this is rare; 
and compression of the cord by diseased bones, tumors, or thickened 
membranes. 

Pathology and morbid anatomy. — The extent of cord which happens 
to be involved varies greatly in different cases, iind several distinct varie- 
ties of the disease are accordingly described by systematic writers. The 
more important of these forma are: 

1. Acute general myelitis, in which a large extent of the cord is 
.affected by the inflammatory process. 

2. Aciite central myelitis, in which the central gray matter is chiefly 
affected. 

3. Acute transverse myelitis, in which the whole transverse section 
is affected, but in which the vertical extent of the lesion is small. The 
Inmbar, dorsal, and cervical regions are all liable to be invaded in this 
manner. 

4. Acute unilateral myelitis, in which half of one or more segments 
in the lumbar, dorsal, or cervical regions, is implicated. 

6. Acute disseminated myelitis, in which numerous distinct foci of 
inflammation are scattered throughout the cord. This condition is very 
generally syphilitic. 

6. Acute bulbar myelitis, in which the medulla oblongata is impIU 
cated by the lesion. 

In addition to this division, which is based upon the position and ex- 
tent of the inflammatory lesion, another clnssiflcation which is sometimes 
nseful is the etiological; it attempts to classify the inflammatory pro- 
cess in accordance with its cause. Thus we have an acute traumatic 
myelitis, an acute syphilitic myelitis, an acute idiopathic myelitis, and 
so on. 

The morbid anatomy of acute myelitis. — Three stages are usually 
described. In the first, that of congestion or stasis, the affected portion 
of cord is usually seen on section to be red and hyperaemic; it swells up 
above the level of the adjacent healthy tissue, and is somewhat softer 
tlian natural. In some cases of acute myelitis no hypercemia and redness 
are visible to the nuked eye: in more than one instance of acute myelitis 
following fracture and displacement of the vertebrffi, I have found the 
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cord, to the naked eye, simply swollen and softened, but on microacopi- 

cal examinatioa presenting all the appearances of acute inflammation. 

On microscopical examination, the vessels are found to be distended with 

blood; the lymphatic sheatha may bo crowded with leucocytes and capil- 

1 lary hemorrhages are sometimes present {see figs. 132 and 133). The 

l<iBxis cylinders and nerve cells are, even in the early stages, hyper- 

W tropliied (see figa. 134 and 135). The connective tissue elements are 

commencing to proliferate, the stellate corpnacles (Deiters' cells) being 

unasually prominent. In the softened parts in which the nerve elements 

are breaking down, compound granule corpuscles and oil globules are 

Been, 

In the second stage, that of exudation and softening, the redness and 
hyperasmia have in great part or entirely disappeared, the softening is 
t much more marked; the affected parts may be completely disorganized 
fcsnd liqnefied. Under the microscope the nerve elements are seen to be 
Uiroken down; compound granule cells and oil globules are abundant. 
t In the t/iird stage, that of absorption and cicatrization, the softenei] 
material is gradually removed. The affected portions contract and lie- 
come sclerosed. On microscopical examination, the compound granular 
corpuscles and oil globules have in great part disappeared (see fig. 136); 
the connective tissue trabeculie are thickened; the connective tissue cells 
are large and promineut; the blood-vessels in the affected part are some- 
times enormously dilated and their walls hype rtrop hied. The central 
canal is often filled with small round cells (see figs. 138 and 139); this 
change ia not peculiar to myelitis, indeed it has been present in the 
majority of adult cords (botli healthy and diseased) which I have ex- 
amined. In some cases the nerve cells are vacuolated {see fig. 137] 
Occasionally after the abaorptiou of the softened tissue, a cyst remaina. I 

In hardened speoimena, a glassy, colloid-like exudation is frequentlym 
with (see figs. 140, 141, and 112); it surrounds the blood-vessels and ii 
filtrates the tissues; the nerve cells of the anterior cornn may be greatljjS 
swollen and distended by this finely-granular, glistening material; smal^^ 
round masses of the same material are sometimes seen in the interior of 
the blood-vessels. This glassy swelling of the nerve cells must be care- 
fully distinguished from the inflammatory hypertrophy which Charcot 
haa described. In the true inflammatory swelling the enlarged nerve 
cells stain deeply with carmine; in the glassy swelling the swollen cells 
are unaffected by that reagent, osmic acid stains the hyaline material n 
deep blue black, methyl aniline a rose pink color; in true hypertrophy 
the enlarged cells are unaffected by these reagents. The exact signifi- 
cance of this hyaline change is doubtful, but so far as I can form a judg- 
ment, it occurs in the great majority of cases of myelitis, both acute and 
chronic. Some good observers think that it results from the mode of 
preparation, and that it is due to the action of spirit. I have not beeu 
able to satisfy myself that it is entirely an artificial product. While j 
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am prepared to allow that hardening in spirit favors its prodnction, or as 
some observers would perhaps say its demoostratian, I have satisfied my- 
self that the presence of miliary sclerosis is in most cases evidence of a 
diseased state of the tissue; take for example two cords, one of which is 
perfectly heaJthy and the other affected with myelitis, harden them bolh 
in the same way, using some spirit as part of the burdening fluid; ex- 
amine both cords at the end of six weeks, miliary sclerosis will, so far as 
I have been able to obaer^'e, be developed to a much greater degree in 
the diseased than in the healthy cord. Further, Dr. Tuke informs me 
that he has frequently met with patches of miliary sclerosis in brains 
which have been entirely hardened in Miiller'e fluid, he is quite convinced 
that spirit is not necessary for the production of the lesion. The con- 
dition seems to be identical with that which was described by Professor 
Butherford and Dr. Batty Tuke under the term ' miliiiry sclerosis.' 

It is often extremely difficult to distinguish simplo (non-inflamraa- 
tory softening) from the softening due to inflammation. 

Simple (tion-injlammator!/) softening probably depends in the great 
majority of cases upon defective blood supply. Any alteration of the 
walls, which narrows the vascular canal, will tend to produce it. In 
some cases plugging (embolimn or thrombosis') of the vessels going to the 
softened part can be demonstrated, but such cases constitute only a 
small proportion of the wbolu. 

Erb states that simple (non-inflammatory) softening occasionally 
results from slow compression of the cord. 

The microscopical examination of the softened parts is the only means 
by which we can distinguish simple softening from the inflammatory 
variety; Erb gives the following concise account of the microscopic ap- 
pearances in the two conditions: — 

'Wherever we find a large number of cells containing fat granules, 
tensely distended blood-vessels, numerous young cells, increase of the 
interstitial tissue, swollen axis-cylinders, etc., we are justified in assuming 
positively the inflammatory character of the process. On the other 
hand, when these characteristics are wanting, and we only find dmply 
Bwolien and disintegrated nerve-fibres, gang! ion -eel Is in a state of glassy 
swelling, a few cellular elements and fat-granule cells, and a small 
quantity of fatty detritus, we must diagnose a simple softening. Further 
and searching investigations of this point are, however, very much to 
be desired." 

The softening is usually situated in the lumbar region of the cord, 
and is due, as Dr. Moxon has so ably shown, to the peculiar manner in 
which the lower end of the cord receives its blood supply. Dr. Meson's 
explanation is so important, that I make no apology for quoting it in 
fall:- 
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' Here I must take tlie liberty of drawing your attention to aome Teiy « 
known anatomical points by which the curioUH fact that only the lega suffer in 
the caisson diBeaae is, I think, quite clearly explained. I need scarcely remind 
you tliat whilst the spinal caaal extends down into the sacrum, the spiaal oord 
does not extend below the lower border of the first lumbar vertebra; but the 
spinal cord gives ciff nerves all the way down on each side, and the apinat canal on 
its |)art is pierced on each aide with a series of openings all the way down, even to 
tlie lowest part of it, at pretty even intervale, the openings aerving to let out the 
nervea that arise from the cord. The consequence of this arrangement is. of 
course, that the distance between the place of origin of the nerves of the cord and 
their place of exit from the canal is abort, as to the upper nerves, but increaees 
much as to the lowsr nervea, so that Hie nerves run neaily horiaontally to the 
neck and upper limbs, whereaa to the loins and legs they run a long way down 
before reaching the dura mater, extending indeed for many inches, and forming 
a bunch of long, loose threads, something like a horee's tail, and known as the 
Cauda equina. Now, the spinal cord is suapended within the apinal canal in sub- 
arachnoid fluid, which entirely insulatea it. And meantime surrounded by this 
liquid, and inaulated by it, the apinal cord itaeU ia out of reach of any blood.sup- 
ply except such as can come to it from tiie brain above or else along the nervi> 
roots at the aides. And in fact the supply of this important part becomes, if I 
may so speak, one of Nature's difficulties. Let ua see how the difficulty ia met. 
Tlie blood-supply to the spinal cord is carried out by slender vessels which cume 
from the vertebral arteries within the cranium. There are three of these arteries 
—one on the front and two on the back of the cord; they are very slender, and 
yet have to run along its whole length. No arteries so small as these run so great 
a length elsewhere in the body, and preaaure falls rapidly in minute arteries nstlie 
length of pipe increasea. bo that it becomea necessary to reinforce tlieee slender 
veaseU wherever possible; and advantage ia taken of the nerve-roots to send up 
little reinforcing arteries along these. In the part of the cord corresponding to 
the neck, upper extremities, and trunk, where the nerve-roots are short, the rein- 
forcing arteries are also short, and they reach and join and furnish blood to the 
spinal arteries — so that in this part of the cord every segment of it ia supplied 
with blood from two directions, the anterior spinal artery bringing lilood from 
above and tlie reinforcing artery from below, But when you approach the tip of 
the cord the supply from below becomes exceedingly precarious, and even apt to 
fail entirely, bet-ause upon the long strands of the cauda equina the small arte- 
ries are too narrow and too long to reinforce the cord with any certainty. But, 
at the same time, the aupply from above haa to be furnished with greater diOi. 
cully than in the upper regions of the cord, because the original anterior spinal 
artery ia very far away, and the reinforcing arteries even in the lumbar region 
have to run considerably longer courses than they had in the cervical region. 

Thus the tip of the cord has ita hlood-supply only from above, and deficiently 
even there, whilst the upper parts of tbecord have a better sustained supply both 
from above and below; and this becomes especially the cane upon the cauda 
equina itself, for here the arteries are exceedingly minute and uncertain in siee 
on the several nerves. Hence we see that tiie tip*af the apinal cord correapond- J 
ingto the lower limbs and sphincters is much more weakly organized as to ttM 
circulation than are the upper parts of the cord.' ' ^M 

Symptoms. — The Bymptoms vary very much in different cases, the 

' The Croonian Lectures on the Influence of the Circulation on the Nervou» 
System.— tanM/. April 3, 1881. pages 52B and 53 
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difforeiicos being readily accounted for by the dilTereut (le;jre3s of aciite- 
nesa, and more especially by the extreme differences in tlie position aud 
diatribntion of the lesion which are met with in different cases. I do 
not propose to describe in detail each of these difleretit types; provided 
agood general grasp of the symptoms, which tiio inflammatory procesa 
produces, has been obtained, it will be easy toflll in the special features, 
which result from inflammation of the different parts of the cord, by re- 
ferring to the detailed description which has been already given of the 
symptoms produced by lesions of the different physiological regions and 
tracts (see Chapter II.). 

In studying the symptoms of acnte myelitis it is essential to remem- 
ber: 

(1) That the inflammatory process first produces irritation and sub- 
sequently destruction of the affected part. (3) That the stage of irrita- 
tion is short, and that the symptoms, which resnlt from destruction of 
tissue, are therefore rapidly developed, (3) That as soon as the acute 
slage passes off, chronic changes are usually developed; and (4) That in 
many cases (i. e., where the inflammatory process destroys the oontinnity- 
of the pyramidal tracts), a secondary descending degeneration of the 
pyramidal tracts, below the lesion, is established. 

We may then conveniently divide the process into (1) a premonitory 
st^ge; {%) astage of irritation; (3) astage of destruction; and (4) a stage 
of cicatrization and secondary degenerations. 

It is also important to remember that in some cases the inflammatory 
process affects the ntembranea of the cord, and that symptoms of menin- 
gitis are present in addition to those wliich result from inflammation of 
the cord itself. 

The Premonilort/ Stage. — In some cases, premonitory symptoms, 
chiefly consisting of derangements of sensation, such as u feeling of 
numbness, or tingling, or of slight pains in the limbs or hack, and of 
mild febrile disturbance and general malaise, are observed. In others, 
the attack commences with a chill, which is followed by rapid elevation 
of temperature. In others again, premonitory symptoms are entirely 
wanting, aud the spinal symptoms appear at the commencement of the 
case; occasionally the spinal symptoms (paralysis, anwsthesia, etc.) are 
developed so rapidly as to suggest an intra- medullary hfemorrhage.' 

The Stage of Irritaiion. — The symptoms wldch characterize this 
stage are both sensory and motor. The sensory svmptoms consist of 

'The onset in acute myeiitis is never instantaneous, as it may be in an iatia- 
meJullary iKpmoirhage. Again, an intra-raetluUary hteruorrhage is not preceded 
by fever ae an acute myelitia may be. In distinguishing the two conditions 
(myelitis and intra-oieduilary litemorrhage) po«(-mor(CT», it is important to re- 
member that in many cases of acute myelitis blood i^ extravasated at the seat uf 
the inflammation. 
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painful sensations, and eometimes /lypertest/iesia of that portion of I 
ekin to which the seusory nerves, entering the cord at the seat of the"^ 
lesion, are distributed; myalgic patns, and sometimeH pain in the back.' 
When the inflammatory process involves the poatero-estemal column, 
shooting pains' in the sensitive areas of the root-fibres which are irri- 
tated, will probably be observed. In many caaes the girdle sensation ie an 
early symptom; it may persist throughout the course of the disease, and 
is probably due to irritation of the posterior root-fibres at the junction of 
the healthy and diseased tissues. These irritative phenomena are usnallv. 
oven from the first, associated with symptoms of sensory impairment 
(numbness, 'pins and needles,' anEesthesia. und analgesia). After a few 
hours the irritative phenomena usually subside, and the symptoms of 
aenaory impairment become more prominent. 

SjtnptomH of eecsorj irriuitian may persiat in the parts whichare supplied by 
eenaorj ner?e ftbreH, which enter the cord at the upper level of the lesion. The 
girdle setisation which remaina in many cases throughout the disease, is probably 
due to this cause. 

The motor sgmpto/ns which characterize the stage of irritation are 
muscular twitchings and tremors, and in some cases cramps and spasms. 
These symptoms are seldom prominent, and, as in the case of the sensory 
phenomena, they may ha from the first accompanied by symptoms of im- 
paired motor power. The twitchings, spasms, etc., are chiefly obserred 
io the muscles supplied by motor nerves coming off from the cord at the 
level of and below the lesion. In some cases, particulai'ly in those in 
which the lumbar region of the cord is implicated, the attack may be 
ushered in by bladder symptoms, each aa increased frequency in mictu- 
rition, spasm of the detrusor, or (more frequently) loss of expulstre 
power. 

77te stage vf Destruction. — The duration of the irritative stage is, 
aa a rate, short, and in the course of a few hours, symptoms due to de- 
etraction and impaired function become prominent; thepartnis rapidly 
increases, and a condition of complete paralgsis may be quickly eatab- 
lished; the symptoms of sensory irritation subside, and complete anas- 
thesia and analgesia are developed. In other cases, the sensory impair- 
ment is only partial; inability to localize tactile impressions, retardation 
of sensory conduction, ' anasthesia dolorosa,' and a peculiar condition de- 
scribed by Charcot, in which a touch on the skin of the affected part 
produces a diffuse sensation of vibration and pain in the whole of the 
■extremity, are the chief sensory alterations which are present in cases of 

' The pain in the back is not increaaed by movement, and is never very pro- 
miueat unless there is associated meningitis. 

'This eymptora is iiy no means common. When sharp shooting pains on 
prominent, they probably depend upon associated meningitis. 
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this description. In a large proportion of caaes, the functions of the 
bladder and rectum are aurioualj interfered with; constipation is present 
in almost all, and in some, as I shall presently mention, paralysis of the 
sphinctera occurs. Gangrenons inflammation, or the so-called aculebed- 
wre(sGe flg. 143), frequently develops over the Bacnim, trochanters, ot'* 
heels; it is. perhaps, due to an irritative affection of the posterior horn 
of gray matter; It may appear within a few days from the commence- 
ment of the attack, and may be well developed towards the end of the ' 
first week; when the lesion ia unilateral, the acute bed-sore is devel- 
oped on the side of the anfeathesiH. i. e., on the opposite side to the cord 
lesion. 




Cerebral eymptama are rare;' hut the morbid process, does occasionally 
extend to the nerve centres within the cranial cavity. In extremely rare 
cases, optic neuritis has been observed. The amount of febrile disturb- 
ance varies greatly in different cases; in some, the temperature rapidly 
rises and attains a. considerable height, 103° or 104° Fahr. ; the pnlse may 
reach 120, 130, or even 160 in the minute; headache, loss of appetite, 
thirst, and the general feeling of malaise which accompanies all severe 

' la Polio- my elitJB anterior acuta, aa I have previously montioned, the onset 
may be attended with convulsions. 
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febrile attacks, are then present. In other casea — and they confttitfl 

the majority— the elevation of temperaturo is slight or vaating, and th*^ 
general constitutional Bjinptoma are not so prominent; the fever ma v 
continue for some time, bnt as a rule it quickly subsides, \Vlion the 
acute bed -BO re, and acute cystitis and pyelo-nephritis are established, a 
fluctuating temperature, hectic symptoms, or pytemia, may bo dcvel- 
.oped. 

The exact extent and distribution of the paralysis depend upon the 
position of the lesion in the eord, and the extent of the transverse section 
which is invaded. In cases, for example, in which the lesion is a total 
transverse one, all the parts supplied by motor nerves arising from the 
cord at and below the level of the lesion will be paralyzed. 

The condition of the tyfederf (paralyzed) ?n«se7fls also depends upon 
the position and extent of the lesion. When the inflammation involves 
the gray matter of the anterior cornua, the muscles, supplied by motor 
nerves arisiug from the affected part of the cord, undergo rapid atrophy, 
And present the ' reaction of degeneration.' Where the paralysis depends 
' ipon a lesion of the motor tract in the lateral column, rapid atrophy and 
Ithe 'reaction of degeneration' do not occur. The paralyzed muscles 
ij, at first, he flaccid; but after a time (t. e., when secondary descend- 
ing degeneratiou is established) they become rigid. 

17^8 condition of ike reflexes varies in accordance witli th9 position of 
the lesion. The essential facta to remember are: 

(1.) That the reflex movements of any segment are not interfered 
with so long as the reflex arc, passing through the segment, is uninjureil. 

(i.) That lesions which involve the pyramidal tracts, arrest the 
cerebral control, give rise to secondary descending degeneration, and 
are attended with increase of the reflexes passing through inferior seg- 
ments. 

The condition of the paralyzed muscles and the state of the refl* 
will be more easily understood by referring to the description which b 
been previously given of total and unilateral tmnsverse lesions (see psf' 
49 and 53), and by referring to figs. 59 and 61. 

The condition of the bladder and rec/wm.— The exact nature of th 
vesical and rectal derangements depends upon the position of the lesion. 
When the reflex centres are implicated, /. e., when the lesion is situated 
in the lumbar region of the cord, paralysis of the sphincters will bo pres- 
ent; in such cases, the urine rapidly becomes ammoniacal, bloody, or 
purulent, and the trophic form of cystitis may be produced. la many 
cases of myelitis, a condition which is very similar to, if not identical 
with, the so-called 'urethral' or 'catheter' fever of surgeons is estab- 
lished; it not unfrequently is the immediate cause of death. When the 
centres for the bladder and rectum are not directly implicated, when, for 



example, the lesion involves Che upper doreal region, a temporarj paraly- 
sis of the detraeor may be present, but it usually pasaes off, and the 
vesical reflex is re-establiBlied, In these cases micturition may be per- 
formed unconscioualy (see p. 112), and the patient may be nnable to re- 
strain or influence the process by an effort of the will. 

When the cervical region is affected, the upper as well as the lower 
limbs are paralyzed; priapism and Injper-pyrexta are often present; the 
action of the heart may be deranged ; in some cases the pulse is extremely 
rapid, in uthors it is irregular; painful sensations in the region of the 
heart are sometimes observed. 

Lesions in the upper dorsal and cervical regions may be attended with 
serious derangement of the respiratory functionn. Where, for example, 
the inflammatory process runs an acnto ascending course, the difTeront 
muscles concerned in respiration (viz., those of the abdomen, the inter- 
oostals, and the diaphragm) may all in turn he paralyzed, intense dysp- 
noea and death from asphyxia resulting. Paralysis o£ the abdominal 
muscles causes difficulty in expiration, in eonghing, and in e-xpeetoratiou ; 
the bronchial tubes are apt to become obstructed, and a trivial bronchitis 
may prove fatal. Paralysis of the intercostal muscles produces diffi- 
calty in incpiration, the patient breathes chiefly with the diaphragm, 
and the extraordinary mnscles of respiration are called into play. When 
the diapliragm itself becomes paralyzed, tiie extraordinary muscles pf 
respiration are thrown into still more vigorous action, the dyspntea be- 
comes intense, and death from asphyxia quickly supervenes. 

Termination of the acute stage. — The acute stage not unfraquently 
terminates in death; the fatal result may be due to a variety of causes, 
amongst which the following are some of the chief: — paralysis of the re- 
spiratory muscles, cystitis and kidney complications, the acute bed-sore, 
pneumonia or other pulmonary affections. 

In most cases, the acute stage is tided over, the condition becomes 
chronic, and the stage of cicatrization and secondary degenerations is 
reached. The future course of events varies greatly in different cases. 

In many, the constitutional symptoms subside, the general health is 
grodnaliy re-establish oil, and a chronic paraplegia remains, a considerable 
amount of motor power being slowly regained, and the sensory derange- 
ments being more or less completely recovered from; finally, the patient 
is able to walk about with the aid of crutches or sticks. In a few cases, 
the recovery is much more complete; and occasionally, but very rarely, 
a perfect cure is established. As the prooeaa of cicatrization and second- 
ary descending degeneration advances, tl\e paralyzed muscles below the 
level of the lesion become rigid, their reflexes (especially the deep re- 
flexes) are exaggerated, and the paraplegia assumes the spastic type. In 
fact, acute and chronic myelitis are the nsual causes of spastic or spas- 
modic paraplegia. 



In other cases little or no improvement ocoure. After the acute 
f^mptoQis hare suhsided, the patient remains for some time in statu quo, 
and ultimateljdies, exhausted by the discharge from e::tensive bed-sores, 
OP from cystitis, or from complications on the part of the kidney or re- 
spiratory organs. 

Diagnosis and DrFPESENTiAL Diagnosis. — The conditions with 

which acute myelitis ia most likely to be confounded are acute menin- 
gitis, simple hsemorrhage into the substance of the cord or into the 
meningee, and hysterical paraplegia. 

The differential diagnosis of myelitix and spinal meningitis. — The 
distiuction is sometimps impossible, for the two conditions are not unfre- 
quently combined. Both affections are acute, both may be ushered iu 
by fever, and both are attended by symptoms which are clearly spinal. 
The main points of difference are, that in myelitis the irritative symp- 
toms are comparatively alight, of brief duration, and soon followed by 
paralytic ayraptoma of a marked character; while in meningitis, the irri- 
tative symptoms are very prominent, the irritative stage is long, the 
paralj"tio aymptoma are late in appearing and are relatively slight. The 
chief points of differential distinction are given in the following table:^- 

The differential diagnosis of myelitis and spinal meningitis. ^^| 



Myelitia. 

Pain In the back not prominenl. 

Shooting pains and bypercesthesia are 
seldom prominent, AnieBthesia 
quickly appears, and i a generally well 
marked, 

Paraljsia appears early, and is much 
mure prominent than cramps and 
spasms. 



Trophic disturbances of the skin are 



Meningitis, ^ 

Pain in tlie back, increased hj move- 
ment, is generally very marked. 
Shooting pains in the timba or trunk, 
and hyperajstheaia are g^Derally 
prominent features. Anfesthesia oc- 
curs later, and is relatively slight. 
Muscular cramps, spasms, and rigidity 
of the limbs, and stiffness of the bai'k 
are more marked than motor paral- 
ysis, which is late in appearing. 



Trophic disturbances of the skin 
Fever generally well marked. 



1 



Fever is sometimea considerable, but 
may be absent. 

The differential diagnosis of myditis and simple hiBmorrhage into the 
cord. — Here again a distinction is not always possible, for the two con- 
ditions are often present in the same case. The points in favor of asim- 
]ile hsEmorrhage are a very rapid (or immediate) onset, which is not pre- 
ceded or accompanied by fever, and the fact that a high degree of_ 
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pamljaia is at onco reached. In myelitis, ou tbe otlier hand, the onset 
is, as » role, more gradual ; there is often fever ; a,A a rule the paralytic 
symptoms are gradually developed after a preliminary stage of irritation, 
the daratioa of which ia usnally brief ; in some cases, the lesion pursues 
an ascending oonree, und the paralysis gradually increases. 

The distinclion from heemorThaga into the spinal membranes would 
probably not be difficult. In that rare condition the symptoma occur 
abniptly, and are indicative of meningitis and pressure upon the cord 
rather than of myelitis. 

The diffKvential diagnosis of paraplegia, the result of myelitis, and 
paraplegia due to functional (hysterical) causes, will be afterwards de- 
scribed. (See page 249.) 

PEoasosts. — The prognosis ia generaily unfavorable ; some patients 

die during the acute stage ; in the great majority of those which escape 
the initial dangers, some motor paralysis remains, a perfect cure being 
extremely rare. The opinion as to the immediate result must bo deter- 
mined by the special features of each individual case. Kigh fever, para- 
lysis of the sphinctors, the acute form of cystitis, the acute bed-sore, 
, paralysis of the respiratory muscles, and extension of the morbid process 
to the medulla oblongata, are highly unfavorable indications, 

When the case has become chronic, the opinion as to the future 
course of the paralysis must bo chiufly guided by its extent and severity, 
theefFect of treatment, and the pathological character of the lesion. In 
many cases a fair degree of motor power is regained, and in eome, more 
especially syphilitic cases, the recovery is complete. Spastic symptoms, 
which have developed slowly after myelitis, are usually associated with 
aecondary descending degeneration, and are seldom completely recovered 
from. 

Treatmest. — The general plan of treatment which I have sketohed 
out in speaking of polio-myelitis anterior acuta is to be adopted. When 
the case is seen quite at its commencement an attempt may be made to 
out short and allay the in^mmatory process by the application of ice- 
bags to the spine, and by the internal administration of ergot and bella- 
donna ; these measures are sometimes attended with success, but in most 
cases the inflammatory process pursues its course, and the treatment 
most be chiefly directed to tiding the patient over the acute stage, and 
to the prevention and relief of bed-sores and bladder complications. 
(See pages 144 and 14().) The diet must be light and nutritious ; the pa> 
tient's room should be kept cool and well ventilated. After the acute 
stage has passed o?, the galvanic treatment may be commenced, iodide 
of potassium administered, and the usual treatment for a case of chronic 
myelitis adopted. In syphilitic coses the iodide of potassium and bi- 
chloride of mercury should be given from the first. 
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PARALYSIS ASOEiVDEiyS ACUTA 
Synontk. — Landr/a paralyBis, 

Definition. — Under tlie i\&m& paralysis afcemlens acuta, Landry w*b 
the first to direct attention to a rare affection, the characteristic feature 
of which, ia motor paralysis commenciiig in the muscles of the lower 
extremities, and gradually exteudiag to those of the upper extremities 
and trnnk, and finally to those supplied by motor nerves arising from 
the inednlla oblongata. 

Pathology and Morbid Anatomy. — Tlie morbid anatomy of the 
affection is unknown ; in most of the cases which have been hitherto 
examined, the spinal cord, medulla oblongata, brain, peripheral nerves, 
and muBcIes, seemed healthy ; in a few cases inflammatory changes in 
the gray matter have been found.' In consequence of these negative 
results, and also in consequence of the fact that changes have in som^ 
cases been found in the spleen and other glandular organs similar to the 
changes found in the infectious fevers, Landry and some other obaerveK 
think the discaee may be duo to the introduction into the system of 
some toxic material. Schulz and Schultze (quoted in Brain, April, 
188S. p. 131) suggest that acute ascending paralysis may represent 
the lightest form of a general bulbar and spinal inflammation in which 
the lateral columns and medulla are specially affected. In some cases 
the evidence of inflammation is so very alight as to be very difficult of 
detection even by the best observers. They think cases are somelimea 
seen which occupy a mid position between poliomyelitis anterior acuta 
and Landry's paralyaia, in which there are the general characters of 
Landry's paralysis, but rapid diminution of electrical excitability. 

Etiology, — The conditions which predispose to and excite the dis- 
ease are unknown. The affection ia more common in men than in 
women, and seem^ to occur almoet exclnsively between the agea of 
twenty and forty. In some cases, there is a history of exposure to cold 
and wet ; in others, of syphilis ; in others again, the disease folloTS 
acute febrile affection, such as typhoid, pneumonia, etc. 
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Onset, Symptoms, and OotrHSB. — Premonifori/ symptoma coi 
ing of slight febrile disturbance, symptoms of slight sensory or motor 
derangement, such as numbness, weakness, and heaviness of the limbs. 



' Dr. Bom, for example, found distinct pathological chaagea in the central 
group of cells of the anterior horn, but as he did not; see the case during life, ' the 
diagnofds,' he Bsya, 'must perhaps be regarded as somewhat doubtfuL' — i>ueaMa 
of the Nervoui Syatem. Second Edition, vol. i.p. 907. 



usually precede the onset of the paralysis, lu other cases the attack 
commences suddenly. 

The characteristic aymptom is muscular n-eakness, which quickly be- 
comes complete paralyBiB. The musclea of the toes and feet are first 
affected ; then those of the leg and thigb ; the muscles of the hands. 
arms, and trunk are next involved in turn, and finally the muscles of 
respiration and of deglutition are implicated, and the patient diea as- 
phyxiated. 

The affected muscles do not become markedly atrophied, and do not 
present the ' reaction of degeneration,' Their retiexes are for a time- 
retained, but soon become diminished or abolished. 

The sensory disturbances are slight ; the bladder and rectum are sel- 
dom affected ; trophic alterations in the skin do not occur, and there arc 
no cerebnil Byraptoms, In most ciisea fever is absent, and the general 
state of nutrition is Weil preserved; in others the temperature is ele- 
vated, and the usual constitutional disturbances which attend acute 
febrile affections, suob as quick pulse, thirst, emaciation, etc, are 
observed. 

The duration of the disease varies considei-ahly indifferent cases, the 
average being from eight to twelve days. Some prove fatal in three or 
four days ; others in two or three weeks. The termination is usually 
fatal, but a few cases recover. 

Diagnosis, — The facta, that there are no marked sensory derangements, 
no trophic alterations in the skin, atid no disturbaut;es of the bladder aud 
rectum, at once distinguish the condition from the ordinary form of acute 
ascending myelitis; while the absence of sensory disturbances, the ascend- 
ing course of the disease, and the negative evidence afforded by post- 
mort(!m examinations, seem to show that the condition cannot be due to a 
neuritiBoI the common sensory motor nerve trunks, Dfijerine found 
alterations in the anterior or motor roots of the spinal nerves; he regards 
these alterations as secondary to changes, perhaps of a trophic kind and 
too delicate to be discovered by the microscope, in the multipolar nerve 
cells of the anterior cornua." 

The disease is readily distinguished from poiio-myelUis anterior 
acuta by the factB, that the paralysis is progressive, and that the para- 
lyzed muscles do not undergo rapid atrophy, and do not present the ' re- 
action of degeneration.' 

Landrj's paralysis closely resembles, in some particulars, the subacnte 
inflammation of the anterior cornnal region which was described by Du- 
chenne under the name of Paralysie genfirale spinale anterieure Bubaigufi. 
In order to distinguish the two affections, attention must be particularly 



' Recherclies i 
aigue, p. 64. 
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directed to the mode of onset and development of the paralysis, the c 
dition of the muscles, and the progress of the case. 

The Prognosis is very unfavorable; a rapid, ascending conrse, the 
early implication of the respiratory muscles, and the occurrence of hiilhar 
flymptoms are very serious indications; the result will in all prohnbility 
be fatal in those casos in which the puralysis rapidly ascends, in which 
the respiratory muscles are implicated, and in which the bulbar synij)- 
toms occur. 



Teeatmest.- 
acute inflammati 
adopted. 



-The same treatmeni, which has been recommended for 
)□ of the anterior cornual region (see page l.i7) is to t^H 



CHRONIC MYELITIS. 



Definition. — Under the term chronic myelitis, we may include all 
the indiscriminate lesions, which run a slow and tedious course, which 
are unattended with fever, and which present the microscopical charac- 
ters which are described below.' 

jEtiology. — The same causes which give rise to acute myelitis may 
also produce the chronic form of the disease, and an acute attack not 
nnfrequently passes iuto the chronic condition. Hereditary predisposi- 
tion to nerve disease seems in some cases to be an important fetiological 
factor; and syphilis is a frequent cause both of the focal and dis ^~ 
nated varieties. 
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P-iTHOLOGY AND MoRBiD Akatomt. — The extent and distribatj 

of the lesion varies very much in different cases, and here, aa in i 
myelitis, several distinct varieties may be described, the most import 
of which are; — 

1. Chronic transveise myelitis, iu which the whole transverse sec- 
tion, usually in the lumbar or dorsal region is affected. 

a. Chronic disseminated myelitis, in which many separate foci of 
disease are scattered throughout the cord, and occupy very different 
positions in the transverse section at different levels. This form is Tery 
generally syphilitic. 

3. Chronic peripheral or annular myelitis, in which the inflammatory 
process chiefly affects the surface of the cord. This form is usaally sec- 
ondary to meningitis, or to compression. 



' Locomolor ataxia and primary lateral sclerosis ore probably clironic inflam- 
mationa; but they are system diseases, and have therefore, been previoualy con-; 
sidered. Again, diasemiaated sclerosis undoubtedly presents many of the histo- 
logical characters of a chronic myelitis, but in it the infiammatioa of the 
nervous tissue is distinctly secondary to a scteroeis which commences io the 
neuroglia and causes secondary irritative and inflaniinatory lesions in the nerra 
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4. Chronic focal myelitis, in -which a single patch of inflammation 
occnpies a portion only of the transverse section. 

5. Chronic genvral myelitis, which is perhaps tho lesion in some cases 
of chronic ascending i>aralysis. 

Or we may, as in the acute form, make an letiological suhdiviaion, 
and class the cases as chronic syphilitic tnyelitis, chronic cnrnprension 
myelitis, chronic fraumatic myelitis, chronic idiopathic myelitis, and 
80 on. 

On macroscopic examination, the affected part of the cord is gener- 
ally firmer than natural; the greater density being due to an increase 
of the oonneetive tissue elements; in udrunced cases, the nerve clemt>nts 
may be entirely replaced by the connective tissue growth, 

On microscopical examttuttion, the same changes which have been de- 
Bcribed as characteristic of the third stage of acute myelitis, i'. e,, the stage 
of absorption and cicatrization, are present. (Si'e page 200.) In the af- 
fected portions of the cord, the nerve tubes may have completely disap- 
peared; the connective tissue trabeculie are thickened and inclose spaces 
the contents of which — consisting usually of granular debris — have gon- - 
erally been washed out in the process of mounting; the walls of the 
blood-vesaela running through tiie affected part of the cord iire tl.^ually 
much thickened, and the vessels themwlves, or more generally their lym- 
phatic sheaths and the spaces in which they lie, are dilated; the connec- 
tive tissue corpuscles or Deitera' cells are numerous and large. At the 
margins of the lesion, and in some cases in the aSocted part of the cord, 
the axis cylinders are enlarged; in very chronic cases the enlargement of 
the connective tisane trabeculie, the disappearance of the nerve elements, 
and ibe thickening and dilatation nf the blood-vessels are the most nota- 
ble changes. 

ItlooE QV Onset, Symptoms, asd Coukse. — In cases which are 
chronic from the first, the onset is, us a rule, extremely gradual. The 
firet Bymptcms may consist of sensory derangements, such as numbness, 
■pins and needles,' and occasionally, though rarely, of eccentric pains 
or hvperteethesia; in other cases, motor symptoms, such as weakness in 
the lower extremities, difficulty iu emptying the bladder, or obstinate 
constipation, are the most marked features at the commencement of the 
attack. 

The eiinical picture presented by fully developed cas.'S of chronic 
myelitis varies considerably in different cases, in accordance with the 
position and extent of the lesion. Tho most prominent symptoms aro 
gradually increasing motor weakness, which ultimately b?comea com- 
plete paralysis; loss of sensibility, which after a time may become com- 
plet(>; constipation; difficulty in emptying the bladder; and, in some 
cases, pariilysis of the sphinctert;. 



21+ cHBoino Mname. 

The puTalyeifi is generally paraplegic in distribution; in fact, 
CHses of chronic paraplegia depend upon chronic myelitis, or acute mye^ 
litis which haa become chronic. The trophic condition of the paralyzed 
muscles, the condition of the refleses, and indeed the character of all 
the Bvmptoms, depend upon the exact position and extent of the lesion; 
in many cases rigidity of the muscles and increase of the deep reflexes 
are combined with the loss of motor power; in fact, chronic myelitis is 
by fur the most common canse of spastic paraplegia— a circumstftuoai 
which must always be kept in view in the diagnosis of supposed cases 
primary lateral schront. 

The general health ia nsually well preserved, and the other orgai 
and systems are, as a rule, healthy. 

In the course of time the paralysis may become complete; the patient 
is then confined to bed; ploughing of the skin, cystitis, and oomplica- 
tions on the part of the kidney may develop, or the case may end by an 
intercurrent attack of pneumonia or phthisis. Occasionally phosphatic 
calculi form in the bladder, 

In those cases in which the myelitis is due to compression, or in 
which the membrauea become seriously involved in the inSammatory 
process, the clinical picture is still more complicated; and symptoms 
characteristic of an estra- medullary lesion (see page 5f ) are present. 

Diagnosis. — In most cases the diagnosis of chronic myelitis is syn- 
onymous with tiiu diagnosis of chronic paraplegia. The general plan of 
diagnosis has been already described (see p. 132). and to that description 
the reader is again referr^'d; but it will perhaps bo necessary to mention 
the chief conditions which may give rise to difficulty. They are as fol- 
lowe: — 

1. The various conditions with which functional paraplegia is asBOOi- 
ated, viz., hysterical paraplegia (see p. 349); rellex paraplegia (t 
353); alcoholic paraplegia and anemic paraplegia (see p. 254), 

2. Lesions of the cauda eqnina. 

3. Conditions which produce slow compression of the cord, such 
disease of the bones or membranes; in these cases myelitis ia often pre»> 
ent as a secondary complication, and an exact diagnosis is not alway? 
possible, but the presence of an extra- medullary losiou is usnally indi- 
cated by the symptoms which result from pressure on the nerve roots 
and membranes (see pages 59 and 60). 

4. Simple softening. It is impossible, without post-moitem evi- 
dence, to distinguish the two conditiona (paraplegia due to chronio 
myelitis, and paraplegia due to simple softening). 

5. Primary latei-al sclerosis. The differential diagnosis of spastic 
paraplegia due to chronic myslilis, and rimary lateral sclerosis ia shown 
in the table, p. 178. 

The exact anatomical diarjiioHis of transverse myelitis. — In 
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trRiiBverse inyi-litie wo muat determine the exact position and vertical 
extent of the lesion. The following are the steps in the inquiry: — 

First, Ascertain the esact distribntion of the sensory and motor de- 
rangemonts, and by reference to pages 74 and 75, and figures 96, 97, 98, 
and 99, determine the segments of the cord with which the aflected 
gnnsitive and muscular areas are connected. In this way the upper level 
of the lesion is readily determined. 

Second, Observe the reflex and trophic conditions of the muscular 
arean of the segments of the cord, beginning at tlw upper level of the 
lesion and proceeding downivards. The vertical extent of the lesion can 
in this manner bu ascertained, as will be readily understood by reference 
to figures R9 and 60. (The reflexes passing through the affected seg- 
ments are abolished, while the reflexes passing tlirough the Fegments 
which are situated below the lesion are exaggerated. The muscles sup- 
plied by anterior nerve-roots arising froci affected eegmenta are markedly 
atrophied, but the nutrition of muscles supplied by motor nerves arising 
from segments below the lesion is not much interfered with. Then 
again, the presence of an ncH/e bed-sore in any 'sensitive area' shows 
that the gray matter of the segment connected with that sensitive area, 
or the sensory nerve fibres proceeding to it, are implicated by an acute 
irritative lesion. } 

PBOGNOsrs. —The moat fre(juent termination is deatli. but tlie course 
is usually very protracted. Occasionally the morbid pi-ocess is arrested, 
and the motor parat)'siH is to some extent recovered from; veryexcep- 
tionally the cure is complete. In chronic syphilitic myelitis the prog- 
nosis is more favorable; most ecjos improve, and some completely 
recover, though rarely after spastic symptoms have been prominent, 

Tbeatmest, — The general plan of treatment which is described on 
p. HI, ei seq. is to be adopted. The most useful drugs are iodiile of 
potassium and mfrcurt/ in syphilitic cases; ergot and nitrate of silver 
where spastic symptoms are prominent; arsenic, iron, quinine, strych- 
nine,' and 7t//o»/j/(or«.' where there is paraplegia with flacoidity. Erb' 



'I must again caiiliim the reader against using this drug iu those cases in 
in which irritative plienonieria (p. g., Hpnstic syinptome) an? present, 

"On theothwhand.' says Erb, > tlie results of a rationally eunducted ix>Id- 
water cure are exceeiiiUKb' (avorable. Out of twenty-nine cases of which I liave 
notes, the results of this treatment were favoraliie in twenty-one, negative in 
live, and unfavorable in three. Hero, too. of course, everytliing depends on the 
manner in which the cold waier is nsed. I cannot insist too much on the danger 
of forced cures, of all severe and strongly escitiug procedures, such as the em- 
ployment of water at very low temperatures, douches, aliiu'p slappings, etc 
These measures are, as.a rule, absolutely injurious in c.ises of myelilis; even wet 
pocks of the entire body have, to my surptis'', generally proved injurious. Sim- 
ple rnhlirg wilh wet cloths, fout-bathn, and sponging the backi, hip.hilha, lialf- 
batliK Willi i;;rtisions to tlie back. Irwal cnrnpresaes to the back left on till they 
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qieaks very favorably of a properly condncted ' water cure.' and ofJ 
electricity. Coutitcr-irrltation to the spine, especially the actual can-^ 
tery, is in Bome cubgs beneficial. fl 

CEREBROSPINAL SCLEROSIS. M 

Spioni/ms. — Multiple sclerosis; Disseminated multiple sclerusiflS 
Insular sclerosis; Sclerose en plaques diss^miu^es. ■ 

Defiuillon. — Oerebro-spinal scleroaia is an extremely chronic affectioi^H 
in which degenerated patches (nodules of interstitial m}'Glitia and enoefl 
phalitis) are scattered throughout the nerve centres (brain, pon^f 
medulla oblongata, cerebellum, and spinal cord) and arc also found (>^| 
the peripheral nerves (especially the cranial nerves and the spinal nerv^f 
roots). H 

jEtiologt, — In many cases there is a history of traumatic injury,^ 
such as a blow on the head or spine; in some the symptoms seem (^4 
develop after exposure to cold and tret; occasionally the conditionJ 
appears as a sequel to acute diseases; pregnancy also has been stated toS 
be a cause, in a few cases there is a distinct hereditary tendency, but inl 
most the exact conditions which excite the affection are obscure. 

Cerebrospinal sclerosis is essentially an affection of early life, gene- 
rally appearing between the ages of fifteen and thirty: it seems equally- 
common in both sexes; Charcot, it is true, states that women are moe^f 
liable to be attacked than men, but his experience in this respect diffe^f 
from that of Erb and many others; of eight cases which have come und(^| 
my own observation, seven were males. V 

Pathology and Morbid Anatomy. — Nodules or patches of degenefftjl 
tion (sclerosis) are scattered through the nerve centres (the brain, pO'.mj 
medulla, cerebellum, and spina! cord), and are sometimes seen on thifl 
peripheral nerves. The nodules have a gray translucent appearance BM 
they are seen through the membranes and on section; on exposure to oiS 
they become pink in color. ^| 

In the spinal cord the nodules present the greatest differences in dil^| 
tribution at different levels. For the most part, tbey are confined to ihlH 
white coluraus, but thoy may involve the gray matter. They are U3a*V 
ally 'indiscriminate;' but in some section] they are symmetrical; iafl 
others they very closely resemble secondary degenerations. fl 

become warm, etc., eeeta tu be tl)e measures which are chieflj- applicable. Til**! 
treatment should alw.ijB be bpgun with motlerate temperatures {80-35' C. — 6SfsI 
77° F.). and we Bliould never go below l«-ia" C. (0OJ-,13i' F.). I believe nlao^ 
that excessive prolongation of Che treatment is injurioua. Many OTer-sealoOlM 
bjdropathiRts are only too often led, by ilieir great conltdeuce in the water cure^ 
to prolong the treatment lo an extent Ihat proves detrimental to the patietite.'-|a 
Zieiiinsen's Cffdopadia. vol. xlW. p. 401. ^H 
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Fig. 144. 

Transverse sections through the Sphial Cord^ from a ctise of Cerebrospinal Sclerosis^ shoicing 
the position and extent of the sclerotic (deeply stained) patches at different heights. About 
one and a half times the natural size. 

a. Upper cervical region; b, cervical enlargement; c, cervical enlargement; d, upper dorsal 
region; e, mid-dorsal region; f, mid-dorsal region; g, upper lumbar region; h, lower part of lum- 
bar enlargement; i, flium terminate. 

Sections a, b, d, e, g, h, and i are shown more highly magnified in succeeding figures. 
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Oil microscopical examination the advanced patches are seen to be 
composed of wavy bundlea of connective tissue, in wliich are imbedded 
nnmeroiiB compound granule corpasclea, and in some places crystals, 
wjiich Frommaun' thinks are composed of margarine. The blood-ves- 
sels are dilated, their walls may be thickened, numerous fatty globules 
and compound granule celia are seen adhering to their outer coats. Tlie 
immense number of compound granular corpnacles which are found in 
the degenerated patches and the infiltration of tlie lymphatic sheaths of 
the blood-vessels with oil globules, is a highly characteristic feature of 
the lesion, and is not, as some observers have suggested, due to the 
method of preparation; it can be most beautifully seen in perfectly 
fresh specimens immediately after they have been removed from the 
body. 

In the fully developed patches the nerve elements may have entirely 
disappeared. 

In the leas advanced patches, and at the junction of the lesion with 
the healthy tissue, the connective tissue trabeculw are increased, the 
connective tissue corpuscles (Deiters' cells) are large and promineut; 
the nerve tubes are being gradually surrounded by the connective tissue 
growth; their axis-cylinder processes are liero and there hype rtrop hied. 

Afi the lesion advances, the nerve tubes become destroyed; but even 
in the midst of the sclerotic tissue, axis cylinders can usually atiU be 
Been. 

The following figures (144 to 156 inclusive) show the appearances of 
the cord lesion in u case which I had under observation for seyeral 
years, and are quite typical. The following is a brief account of the 
case: — 

A. B., a chemical worker, ffit. 38, was admitted to the Newcaatle-on-Tjne In- 
flrmaiy under my care, on September lOtli, 1674, comptaining of difflcuUy in 
walking, loes of power in the lower eitreniitiea, pain in the buck, and giddiness. 

His illness had commenced six years previously, and was apparently due to a 
severe blow on the back of tlie head. He had been .i very heavy drinker. 

He was a very larce muscular man. There was no apparent loss of motor 
power. Hia moveraentu were decidedly unsteady; the Inco-ordination was, how- 
ever, quite different from the inco-ord illation of locoraolnr ataxia; it was. so to 
■peak, of a ' coarser ' kind, and involved the muscles of the trunk rather than the 
muscles of the lower extremities. In walking, the neck was held stiff, the head 
tamed slightly to one side, and the ejee raised from the ground. On close ob- 
servBtioa, a fine jerking, rythmical movement of the head could 1« observed. 
There was olao occasional nystagmus. 

His memory was defective; he was very irritable and easily excited. Ho 
complained every now and again of double vision, but nothing abnormal could 
be detected In connection with the muscles of the eyeball, or with the fundus. 

The epeech had undergone a marked alteration during the post six months, 
and at the time of his admission, was thick and drawling. Pain in the back was 

' Unteranchnngen Qber die Gewebsveriiiiderungeii bei der mujtiplen Sklerose 

~ ibims und ROckenmarka. Leipzig. 1878, Taf. ii , P.g. IJ. 
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at this time a prominent Bjmptom; it was referred to the lower doraal r^M 
and the patient complained ot t^nderaess on percussion over the same part. 

There were (at that time) uo other positive aymptoniH worthy of note. 

Oil December 3d, 1374, be was discharged in sfatuytio. 

From the time of his ilischarge until the date of his death, which took pUba , 
in January, 1831, I had frequent opportumtiea of visiting him in conjuaction 
with my friend Dr. Crease of South Shields. The progress ot the case was 
steadily from bad to worje. The symptom] became highly characteristic, and 
confirmed in every particular the classical description which Professor Charcot 
hus given us of the disease. My space will not, however, permit mu to detail 
them now. 



OysET, Symptoms, and Oouesk. — The onaei is, aa u rule, extremely 
alow andgradualsoccasionolly the symptonia develop eomewhat abruptly. 
In one of my own cases, for example, the afEection commenced and- 
deoly with deafness and ' noise in the head,' after exposure to u bot 
eun. 

As we might expect from the extremely irregular distribution of the 
lesion, the symptoma are multifarious, in fact, us Charcot atates, tha^ 
affection is a polymorphous one.' Bath cerebral and spinal symptoi 
are usually present; but in some cases the lesion is, for a time at li 
chiefly limited to the intra-cranial iieryo centres, and the symptoma 
for the most part cerebral; in (ithera the spinal cord is chiefly or (?) 
clusively involved, and spinal symptoms are most prominent. lu tl 
following account"! shall not limit myself entirely to the spinal symptDi 
but shall describe the more important features of the cerebro-spi] 
variety of the disease, . 

In some eases, the first symptoms are spinal, and consirt of 
derangement of the motor nerve apparatus, which is manifested exter- 
nally in the form of motor impairment (paresis) or in co-ordination 
('jtaxia). The loss of motor power very generally commences in 
leg, and subsequently extends to the other, or to the arms. In othi 
tlie first symptoms are cerebral, such as lieaducbe, vertigo, deafness, 
some psychical derangement. 

These symptoms slowly increase, and a characteristic symptom is 
developed, viz., a rhythmical, jerking tremor, which only occurs on 
untary effort, and which censes when the parts are at perfect rest. 
consequence of this jerking tremor, movements are rendered extremely 
unsteady, though their main direction is still preserved. The tremor 
may occur in any of the muscles, but it is generally more marked in 
some parts than in others. Charcot supposes, and with his opinioa 
entirely agree, that it is due to irregular conduction through axis oyli 
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' In some oases the lesion may for a time be chiefly confined to tlie posterior 
columns of the cord, and symptoma very closely resembhng or identical with 

thoseof locomotor ataiift may l>e present; in otbere, the latTftlciilumns are chiefly 
iiled, and the ordinary form ot s\ia6tic iiarupli-;; a is m:ihi1jii«I. 
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derfi, which are lying naked iu the ratdat of the sclerosed tissue, but 
somu authorities hav« suggested that it results from the presence of ecle- 
rotio nodules in some special parts of the brain {the pons, and the parts 
of the bniiu anterior to it). W!ien the patient is quietly seated there 
may be nothing noticeable, or the ouly peculiarity which close observa- 
tion can detect is a slight rhj-thmical jerking of the head. In well- 
marked cases any voluntary effort at once develops the characteristic 
tremor, and the more iuteuse the effort the greater does the tremor be- 
come : it may be exquisitely demonstrated by making tiio patient raise a 
glass of water to his lips, the main direction of the movement is pre- 
served, and the glass reaches the lips, but it is forcibly jerked against 
the teeth, and the contents are thrown over the patient's face and neuk. 
Some patients attempt to ' dotlge ' the tremor (i. e., to reduce the ampli- 
tude of the jerking movements of the head and arm) by throwing the 
head back and fixing it as it were between between the shoulders, and 
by holding the arm and foi-earm firmly to the side, but even then their 
efforts are unsuccessful, aud the water is spilt, 

The jerking tremor in the muscles of the legs and trunk produces 
marke<l unsteadiness in the gait. In the earliest periods of the case the 
unsteadiness may be extremely trifling, and the only alterations which 
can be detected in many cases are a certain stiffness in the way in which 
the neck is carried, and a slight jerkino; of the head. When th;? disease 
is more advanced, the gait is extremely unsteady ; in some cases it re- 
sembles tliat of locomotor ataxia, in others the inco-o nil nation chielly 
affecta the muscles of the trnnk, and the patient doaa not walk deliber- 
ately in a straight line (as the subject of locomotor ataxia does) but is apt 
to shoot forcibly from side to side ; in other cases again the feet seem to 
cling to the ground, and the Spastic gait is conjoined with a rhythmical, 
shaking tremor of the whole body. A jerking movement of the eyeballs 
(nystagmus) occurs in many cases, and is a very characteristic symp- 
tom. 

The affected muscles are of normal bulk, and their electrical reactions 
are healthy. The reflexes are, as a rule, normal or exaggerated.' The 
bowels are generally constipated, but the functions of the bladder are 
seldom interfered with, till a much later stage. The sensory functions 
are not much affected at this period of the case ; as a rule, subjective 
derangements of sensation, such as ' pins and needles,' numbness, etc., 
are ex|>erionced by the patient, but distinct objective anEesthesia cannot 
bo demonstrated. The general state of nutrition is well preserved, and 
complications on the part of the other systems and organs are rarely 
present. 

The symptoms gradually increase, but periods of temporary improve- 



' Exceptions to all o( these statomeDts may occur, (or the lesion may invoda 
any purt of the transverse section ot any apinal segment. 
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r even complete remission, are not uncommon, and may lead u 
*" inexperienced observer to expect a favorable terroination of the cut. 
After the condition has become well established, the facial ffxprntiM 
becomes vacant, stolid, and stupid -looking, and a peculinr alteration in 
the voice is very generally observed, the speech is slow and drawling, evert 
eyilablo being pronouncad separately {xcannlnij speech); the tone of 
voice, too, is singularly monotonous, towards the end of the ease it maj 
be vreak and whispering. The cerebral symptoms become more promi- 
Bent, the headache and vertigo may continue; the mental faculties arc 
"jcidedly blunted: in many cases the patient becomes irritable, and loses 
EluB self-control; and actual mental derangement is occasionally obsorved. 
Dimness of vision is very frequent, in some cases it is only apparent, 
depending upon nystagmus, in others, it is real, and is ass3cia::>d with 
white atrophy of the optic discs or alteration of the central parts of thp 
visual nerve apparatus. The pupils may be irregular, in some casM thev 
are 'pin pointed,' but the Argyll Robertson pheuomenon (sire p. 190) n 
not observed except as un accidental complication. In a small propor- 
tion of cases, apoplectiform attacks, characterized by complete insensi- 
bility, quick pulse and elevation of temperature, occnr; the patient nwv 
die in the attack, but as a rule, the coma disappear-j in the coarse of a 
day or two, leaving behind it hemiplegia, which in its torn is qiiicklr 
recovered from. These symptoms, which characterize the first stage of 
the disease, slowly but steadily increase, and in thfi COUree of time (tttO 
li to six years) the second stage is reached. 

Sytnploin» of the second stage. — The patient can no longer stand or 

"" . but is confined to bed or to his chair. The paralysis is someiimes 

Wmplete; in many cases the legs are rigidly extended, the deep reflexes 

finarkedly increased, and the condition exactly resembles an adviiuced 

' stage of spastic paraplegia. The tremor, too, becomes markedly intc 

fied, and attempts at voluntary movement not only cause an increase j 

the rigidity and spasms, but may produce a violent clonic movement 1 

>■ tiie muscles, causing aforcible shaking of the whole boily. The menj| 

deterioration becomes much greater, the speech still more scauni 

IBonotonouB, and weak. The general atate of nutrition for a time c 

B good. 

Symptatns of the third staye. — In the course of a few years the thl 
iBtage is reached. The general state of nutrition is now affected, andfl 
patient becomes emaciated; the mental deterioration becomes greabj 
the paralyzed muscles may become profoundly atrophied; buls 
symptoms, paralysis of the bladder, cystitis and bed-sores may devet 
D)^timately he dies eitherfrom simple exhaustion, pycemia, cystitis, I 
lores, paralysis of the respiratory muscles, or some intercurrent com 
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The average duration of the whole case is from eight to ten years; 
--Bome cases linger on for fifteen or twenty years; occasionally the 
'Course is rapid, anil death occurs within thrye yeara of the onset of the 



DiAQKosia. — In fully developed and typical cases the diagiioais pre- 
sents no difficulty; the gradual onset, and alow progress of the symptoms 
with perhaps periods of improvement j the presence of hoth spinal ami 
cerebral symptoms, especially the peculiar tremor; the merited character 
of the motor derangements; the comparative insignificance of the 
sensory disturbances; the vertigo; the alterations in speech, and 
iu the mental condition, constitute a atriliing picture which it U impos- 
sible to mistalce. But in the early stages and in those rare cases in which 
the symptoms are csclnsively spinal or eicluaively cerebral, it may be 
difficult or impossible to diagnose the condition. 

The affections which are most liable to be mistaken for cerebro-spiiial 
sclerosis are: — cerebellar liimnr, locomotor ataxia, and parati/sia agitans. 

The differential diagnosis of cerebrospinal sclerosis and cerebellar 
tumor, — In both conditions there may be headache, giddiness, and dis- 
ordered gait from weakness or inco-ordi nation of the muscles of the 
trank. In those cases of cerebro-spinal sclerosis in which the character- 
istic! tremor is absent or slightly marked, the differential diagnosis may 
be extremely difficult. The chief points of distinction are: — 

1. The condition of the optic disc*. — Optic neuritis or optic atrophy 
ia present in most cases of cerebellar tumor; both conditions are rare and 
only late symptoms in corebro-sptnal sclerosis. 

2. Vomiting. — This is usually a prominent symptom of cerebellar 
tnmor, but not of cerebro-spinal sclerosis. 

3. Headaclie. — This is usually much more severe iu cerebellar tumor 
than in oerebro-spinal sclerosis. 

4. The pre/teme of the characteristic tremor. — This is a very strong 
point in favor of cerebro-spinal sclerosis; a similar tremor is occasionally 

P~ I in tumors of the cerebellum, and is, I believe, duo to interrupted 
ptKttion through the motor strands of the medulla oblongata which 
IptMsed upon by the cerebellar growth, 
S. Convulsive seizures. — In many cases of cerebellar tumors, tonic 
spasms chiefly affecting the muscles of the back, or epileptiform con- 
Tulsions are observed; they are quite exceptional in cerebro-spinal 
sclerosis. 

6. The age of the patient. — Cerebro-spinal sclerosis is not so frequently 
seen in children as cerebellar tumor. 

7. The course of the disease. — Cerebellar tumors, as a nile, nin a 
mnch more rapid and continuously progressive course than cases of cere- 
bro-spinal sclerosis. 

When the scanning speech, the monotony of the voice, the heavy 
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bolid expression, and the volitioud tremor have become prominent, toe 
tefflcultiee of diagnosis are, to a large extent, cleared up. 

The differential diagnosis of cerebrospinal nclerosie and locomotor 
HOzi'a. — III Bomo cases of cerebro-apiiial ecleroda, the lesion is chiefly 
confined to the posterior columns of the cord, and many of the 8jiai>- 
toms of locomotor ataxia, including the lightning pains and characteris- 
tic gait, are present; the diagnosis may then be difficult or impossible. 
But such a distribution of the lesiou is rare, and the distinctioa cas 
generally be made by attention to the following points; — 

1. Age. — Locomotor ataxia is seldom seen before thirty; oerebro- 
spinal eclerosis is most frequently met with between twenty and thirty. 

3. Sex. — Locomotor ataxia is much more frequent in males than in 
females; corebro-spiual sclerosis occurs probably with equal frequency io 
the two sexes. 

3. Tkf condition of (he sensory nerve apparatus. — Lightning puns 
nnd anresthesia arc prominent features in locomotor ataxia, bat are erl- 
dom Qoticeahlfl in cerebro-spinal sdcroais. ' 

4. 7'Afl prxsence of motor paraly six. Paresis and paralysis do niN 
occur until the terminal stage of locomotor ataxia, bat are ugaallj emtij 
symptoms in cerebro-spinal sclerosis. 

5. The character is/ ic voUtiitnetl tremor. — This symptom is distinct 
of cerebro-Bpinal sclerosis?, for it does not occur iu locomotor ataxia. 

6. The condiiioa of Ihr rrfifx^. — ^Tlie knee-jerk and the papil t 
to light are absent in the great majority of cases of locomotor ai 
are nsnslly present in cerebro-spinal sclerosis. 

?. yy»tagmu8. — This symptom, which ia common in cerebro-^tH 
sclerosis, is seldom if ever met with in locomotor ataxia. 

8. The camUtion of the mental faculties and of jpMn-A.—Tho mental 
oondition and speech are not interfered with in locomotor a 
that oondition, vertigo, which is almost always present in 
aolerosis, does not occur. 

Jl# differential diagnosis of cerebro-spinal telenuit, 
t^itans. presents no difficnlty in typical cases, hot there 
which the two conditions seem combined. The points 
are: — 

1. The character of the trtmor.~{a) The tremor of 
aderosia only occurs on Toluntary movement, and ceases when tk* 
olesare at resi; tbetremor of paralysis agitans occdt« while the 
are It rest, and is naoally diminished or arrested by 
(A) The tremor of paralysis agitaos is a Sner tremor than that of < 
spinal sclerosis, (r) The tremor of paralysis a^tan* larelj, if 



sis do not 
ntallj eady 

distincti^^l 
itaxia. ^^1 
>npil 'v^^l 
ataxia. I^H 

}bro-^tn^V 
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affecta the head; in cerebro-spinal sclerosm the head ia almost inyariably 
involTed. 

2. A^e, — Paralysis agitana is a disease of advanced age; while cere- 
bro-apinal sclerosis is a disease of youth. 

3. I'ke ngsociated symptoms. — In cerebro-spinal sclerosis other svmn- 
toma (cerebral and spinal) are present, and confirm the diagnosis. 

Under the term of pseudo-Bclerosix, Westpliall has recorded two cases 
io which many of the symptoms of cerebro-spinal acloroaia were present 
during life, but in which the characteristic lesions of cerebro -spinal 
eclerosis were not found at the autopsy. ' In one case, a careful exami- 
nation failed to reveal any cerebro-spinal lesion, in the other the cerebral 
pia mater w^ somewhat oedematous, the ccnvolntions small, and the 
white matter of very firm consiatency; but there was not auy scleroeia in 
the ordinary acception of the term.' ' 

Pboonosis. — The prognosis is extremely unfavorable, the condition 
Booaer or later terminates fatally. 

Treatment. — The treatment must be mainly directed to the relief 
of symptomB, for all remedies which have been administered, np to tho 
present time, have failed to arrest the progress of the disease. Nitrate 
of silver, arsenic, iodide of potassium, tho constant (galvanic) current 
and hydropathy should be tried in turn, even though the results of 
treatment appear to be discouraging. 



These aubjecta will he more conveniently described in connection with 
extra-medullary hiemorrhage and extra-medullary tumors (see pages 238 
and 243). 

TABUL^LR CLASSIFICATION OF EXTR.-i-MEDULLARY LESIOSS. 



k 



MeninffitiK. 



' Leptomenin- j Acute. 

gitis. i Chronic. 

Pachymenin- i Externa. 
I. """■ ilnton... ) H»i>nofrliagio«. 

I Hypertrophiea. 
Exira-mtdullary Hemorrhage. 
Extra-medullary Tumors. 

SPINAL AIENINOITIS. 
Inflammation of the spinal raembranea may be either acute or chronic, 
general or local. In some cases the pia mater and arachnoid are chiefly 

' Pot the original paper see jircAiu/. ftycA., Bd. xiv, p. 67. As abstract i» 
given in Brain, Oct., 18»3, p.4U. 
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affected; in others the inflammatory process is for the most part limibed 
to the dnra, Inflammation of the spinal pia and arachnnid is technicallj 
termed leptomeningitis gpindlis; infiammation of the spinal dara is 
called pachymeningitis spinalis. Leptomeningitis spinalis may be either 
acute or chronic; pachymeningitis spinalis is almost inrarisbly chronic 
and local. It will be necessary, therefore, to consider these Tarietiee 
separately, 

LFPTOMsmsarris spinalis. 
Inflammation of the spinal pia and arachnoid is mnch more f reqnent 
than inflammation of the spinal dnra, and it is the condition which i« 
usually meant by the term Epinal meningitis. ^^H 



ACUTE LEPTOJJEXrSOrTlS SPINALIS, ^H 

Acnte inflammation of the pia and arachnoid is almost always ,7e»«riif, 
and ia usnally aasociated with similar condition (inflammation) of the 
cerebral membranes: while in many eases the periphery of the c<ird a 
affected by the inflammatory process. The clinical pictnre is, tberefoTe, 
in most cases a complicated one. 

.^TtOLOOV. —Acnte inflammation of the pia and arachnoid is mneh 
more common dnring childhood and yonth than during the later period 
of life. Its most frequent canse is (probably) exposure to cold and wet: 
in many cases it is tnbercular; and it not unfreqnently resalts from oi- 
tension to the membranes of the cord, of an inflammation which haa 
commenced in the cerebral meninges. In some cases it is doe to traa- 
matic injcries (blows on the spine, etc.). and in fact all the conditioni 
which have previonaly been mentioned as causss of myelitis (see p. 199), 
may give rise to it. Violent cerebro- spinal meningitis sometimes rosnlls 
from the bursting of an abscess into the cavity of the cranium, or into 
the spinal canal; and a very acute form of the disease which is seldom 
met with in this country, is probably due to the introduction into the 
system of a 'particulate,' organic poison, and is termed epidemic cerebro- 
spinal meningitis.' 

Morbid Anatomy. — The inflammatory process commences with a 
stage of congestion and hypenemia, which is seldom seen post-mortem, 
for the disease is rarely fatal until a later period. 

During the first stage of the inflammatory process the vascularity of 
the membranes is very much increased; the vessels are gorged with blood; 
small estraTasations of blood sometimes occur; the arachnoid loses its 
normal, smooth appearance, and becomes velvety and swollen; the spinal 
fluid is slightly turbid. 



' Since the first edition of tbia work n 
ally demonatiated. 



} published the organiam haa b 



The duration of this etage is probably very abort, and the second staffs, 
that of exudation, is soon developed. The pia mater and arachnoid are 
more Bwoilen, and are covered with exudation matters, consisting of fibrin- 
ous lymph, lencocytea, or pus: the spinal flnid is more turbid, and con- 
tains flakes of lymph and other exudation products; in some cases it 
consists chiefly of pus. The exudation matters are generally more abun- 
dant on the posterior surface of the cord, for the patient usually lies on 
his back, and the exudation products gravitate to the most dependent 
point. In tubercular cases miliary nodules may bo seen in large num- 
bers on the surface of the inflamed membranes, more particularly on the 
gurface of the pia (see fig, 157). The peripheral layer of the cord is 
very generally implicated by the inflammatory process (see figs. 157 and 
158)^a fact which ia not to be wondered at, when we remember that 
the pia is the nutritive membrane of the cord, and that from it numer- 
ous processes of the connective tissue and blood-vessels pass luto the 
interior of the organ. The nerve roots are often also involved. In 
severe cases death generally takes place during the second stage of the 
disease. 

Should the third stage be reached, the exudation matters are absorbed, 
the inflammatory products tend to organize, and adhesions may ba 
formed between the opposed surfaces of the inflamed parts. 

Onset, Sthptoms, and Govast^.—Premomton/ symptoms, such as 
headache, irritability of temper, vomiting, slight febrile disturbance, 
etc., are sometimes observed, but in many cases the disease is suddenly 
ashered in by a rigor or convuli^ion. 

The pyrexia is, as a rule, considerable, and the general symptoms 
which are associated with rapid elevation of temperature, such as quick 
pulse, heat of skin, thirst, etc., are present. When the inflammatory 
process affects the membranes of the brain as well as those of the spinal 
cord, cerebral symptoms, consisting of headache, vomiting, intolerance 
of light and noise, contracted pupils, epileptiform convulsions, etc., are 
the prominent symptoms at the commencement of the case, and it may 
be some hours or days before the characteristic spinal symptoms are de- 
veloped, 

The great feature of the spinal symptoms is, that they are indicative 
of an 'irritating' rather than a 'destroying' lesion. 

Pain in the back, which is increased by the slightest movement of 
the patient, bnt not usually aggravated by percuEsion or pressure on the 
Bpine, and which depends upon irritation of the sensory nerve filaments 
in the pia and dura, is one of the most marked symptoms. 

Shooting pains and hyperwsthesin in the sensitive areas of the pos- 
terior nerve roots, together with the spasms and rigidity of the muscles 
supplied by anterior nerve roots, which are irritated by the inflam- 
matory process, are also highly characteristic. In consequence of tlie 



LEPTOMENINGITIS SPINALIS. 

muscular epasm the spine is stiff and rt^d; in sotue cases the head ia 
drawn back so that the occiput is thmst, as it were, between the shoul- 
ders; in others, the epine is bo strongly arched that a condition of opii^ 
thotonos is produce*!: in others again, the thighs are firmly flesed on the 
abdomen, and the legs on the thighs — a position which is. however, 
much more frequent in chronic than in acute cases. Temporary exa- 
cerbations of the spasms erery now and again occur, iind the retraction 
of the head and arching of the spine are thereby aggravated. In conse- 
quence of the retraction of the head and neck, and the extreme ten- 
eion of the anterior muscles of tiie neck (storno-thyroid, sterno-hyoid, 
and thyro-byoid ) . the larynx may bo firmly pressed against the Bpinal 
column, and difficulty in breathing attended by a marked stridor, and 
difficulty in swallowing, may be observed. 

In the earlier periods of the case, there ia no paralysis, but the patient 
instinctively lies as quiet as possible, for he knows by experience that 
any effort on his part, or any esternal irritation will be attended by paio 
aud an increase in the spasms. 

During the irritative period, retention of urine is occMionally ob- 
Berved; in some cases it results from spasm of the sphincter vesicje; in 
others it is due to paralysis of the detrusor. The bowels are, in most 
cases, obstinately constipated. 

Ah the case progresses, symptoms indicative of sensory and motor 
impairment are gradually established, and should the case continue suffi- 
ciently long, complete paralysis and anEcathesia, paralysis of the sphinc- 
ters, and bed-sores, may bo developed. 

The reflex irritability is increased during the stage of irritation, but 
afterwards becomes diminished or abolished. When the inflammatory 
process affects the cervical region, severe dyspncea, the result of spasm 
or paralysis of the respiratory muscles, may bo a prominent symptom. 

The fever is of an irregular type; the temperature may reach 104" F., 
but is generally below that point, Emaciation rapidly takes place, and 
in severe cases the patient is soon worn out by sleeplessness and the in- 
tensity of his sufferings. 

When the inflammation involves the cerebral meninges, the charac- 
t«ristic symptoms of cerebral meningitis are, of course, present. In 
those cases in which the morbid process is limited to the membranes of" 
the spinal cord, cerebral symptoms are wanting, aud the mind may be 
quite clear until the end. When the cord itself is seriously implicated, 
the ]mralytic symptoms are more proaiinent, and the other symptoms 
which characterize acute myelitis are present. 

The duration varies considerably in different cases; in purulent men- 
ingitis — the result of the bursting of an abscess into the brain or spinal 
canal — and in severe cases of the epidemic variety of the disease, death 
may take place within two or tliiee days, or even within a few hours 



TREATMENT. 



227 



from the commencement of the attack. In tubercnlur nnrl traumatic 
cases the progress ia, ad a rule, more tardy, and not unfrequently the 
condition becomes cbrOTiic. lu accite casi'tt, death may result from BpOBDi 
or paralysis of the respiratory muscles, or it may be duo to cerebral com- 
plications. In chronic ca^s, the patient dies from gradual exhaustion, 
from bed-sores or cystitis, or from respiratory or other complicr,tiona. 

DiA0!<0si3. — An acute onset, fever, pain in back, shooting pains in 
the limbs, hyperiestheBia, motor spasms, rigidity of the spinal columc, 
and increased reflex excitability are characteristic of acute spinal mea- 
ingitis. The only conditions which are likely to be mistaken for the 
affection are myelitis and tetanus. 

The differential diagnosis of spinal meningitis and mr/vliUs bus al- 
ready been considered. (See page 208.) 

The points of differential distinction between acute spinal meninifitis 
and letanus are given in the table below. 

AcDte Spinal Heningiti*. Tetanoi. 

Cacse. Often intliBtinct. In iraumatic tetanus there is a 

history or the presence of a 

Dbrakogxenis of Pain in Che back, shooting Tliere are no seasory derange- 

Sehsibiuty. paina in the liiube, and ments.' 
hypermstheaia, are pro- 
niineot symptoma. 

Spishs. Opisthotonos may be pre- Tonjo eonoaUiana occurring in 

sent, but tlie tonic paroxsynia, and affecting al- 

Bpoetns are never so pro- moat all the luuHcles of llie 

minent as in tetanus. body, are characteristic. Tria- 

TrisiauH and the riiias luua occurs at the comraence- 

■ardoniciu are not ob- ment of the attack; the rism 

served. tardonieua ia a marked £ea- 



Tbe reHexea ai 
but not to 
degree. 



Often preeent. 



Are not usually obaerred. 



Pkookosis. — Acute spinal meningitis is an extremely seriona afiec 
tion, and in many cases it proves fatal. In rheumatic and syphilitic 
cases the prognosis is more favorable than in the oi^her varieties of the 
disease. During the progress of the case, periods of amelioration are 
not uncommon, but aa a rule the improvement is only temporary. In 

' During the v-ioleol tetanic Hpaams of strychnine poisoning I have known the 
patient cry out with pain in the ligaments and joints, but severe sensory disturb- 
ances of tliia description m:« not, so Car aa I am aware, observed in ordinary 
teunus. 
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those cases in which the inflammatory process is limited to the membranei 
of the cord, the prognosis is more farorable than in cases in whicli the 
cerebral membranes are also affected. DyGpncea, the result of spurn or 
paralysis of the respiratory muscles, is an extremely a&bronible 
symptom. 

Theatmest.— In the earlier stages the antiphlogistic treatmeat which 
has been rGcommeiided for acute myelitis (see page 209) ia to be adopted; 
and the pain and spasm are to be allayed by morphia, chloral, and bro- 
mide of potassium. Great atteotion must be paid to the feeding and 
nnrdng of the patient, and the condition of the bladder and rectniu 
must be carefully attended to. 

In those cases in which the acute symptoms subside and in which the 
chronic stage is reached, mild counter-irritants, such as iodine and 
email blisters, may be applied to the spinal column, and the iodide of 
potassium shonld be given internally. At this stage of the disease, an 
important part of the treatment consists in the prevention of bed-flores 
and other complications; special attention must of conrse be directed tu 
the paralysis which is often present. The same means, which hare been 
preTionsly recommendc'i for the treatment of the paralysis in chronic 
myelitis, are to be employed (see page 315); bat it is important to re- 
member that electricity should not be need nntil all signs of meningeal 
irritation have diaapi>eared. 

CHBOSIC LEPTOUESISOmS SPISALIS. 

In some eases inflammation of the pia and arachnoid is chronic from 
the outset, but in others a chronic leptomeningitis results from a preri- 
ons acute attack. 

^noLOOT. — The same causes which produce acute leptomeningitis 
spinalis may give rise to the chronic form of the disease; but expcsnre 
to cold and wet, traumatic injuries, syphilis, extra-medullary lesions 
such ae extra-medullary tumors, and intra-meduUary lesions which extend 
to the surface of the cord and then implicate the membranes, are the 
most common causes of the condition. 

Pathological Anatomy. — Where the condition has reaultcd from 
a previous acute attack, an extensive area of the membranes may be in- 
volved, but in the majority of cases the inflammatory process is limited 
in its distribution. The intense hypersemia, which characterizes acute 
inflammation of the membranes, is not observed, but the blood-vessels 
are dilated and their walls thickened; the spinal fluid is generally tnrbid 
and increased in quantity. The most characteristic post-mortem appetr- 
8 consist in opacities and thickenings of the membranes, and in the 
presence of adhesions which bind together the opposed stirfaccs of the 
inflamed parte; the pia ia thickened and firmly adherent to the cord; 
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-the coQaective tissue si^pta paseing into tlic cord nre thickened, and in 
many cases a peripheral myelitis or peripheral Bclerosis of the spinal cord 
can be demonstratwl ; in some cases, the cord lesions are still more ex- 
tensive. The nerve roots may be compressed by tho tliickened mem- 
branes, and they are sometimes distinctly softened or atrophied. 

Onset, Symptojis, and Couh8E. — The onset ia extremely gradual, 
and unattended by fever; an exception of course occnra in those cases in 
which an acute inflammation has become chronic. Pain in the back, 
shooting pains and hypersesthesia in the sensitive areas of the posterior 
roots passing through tho affected portion of the membranes, are usually 
well-marked, but in consequence of the more limited distribution of tho 
infiammation. these symptoms are more localized than in the acute form 
of the disease. Muscular spasms and rigidity are much less prominent 
than in tlie acute variety; while motor weakness, which gradually increases 
and ultimately may become complete paralysis, is usually an early symp- 
tom; the paresis and muscular spasms are, like the sensory phenomena, 
generally limited in distribntion. In the earlier stages, the muscular 
nutrition and reflex activity are not much interfered with, but towards 
the later periods of the case tho muscles, which are supplied by com- 
pressed and atrophied anterior nerve roots, may be markedly wasted, 
while their reflexes are diminished or completely abolished. The func- 
tiona of the bladder and rectum are seldom interfered with, except in 
those cases in which the nerves, arising from the lower end of the cord, 
are implicated by the lesion. 

The description, which lias just been given of tho symptoms of chronic 
xneningitis, applies to tlie cases in which the iuHammatory process is 
■chiefly limited to the membranes; when, as so frequently happens, the 
cord itself is also aSected, symptoms of chronic myelitis will also bp 
present. 

DiAQNOsis. — Locomotor ctasia, chronic myelitis, and ' spinal irrita- 
tion,' are the conditions which are most likely to be mistaken for chronic 
«pinal meningitis. 

The differential diagnosis of rhronic vteningitis and locomotor ataxia. 
— Some of the symptoms of locomotor ataxia may possibly be due to the 
chronic inflammation of the membranes, which in cases of long standing 
is usually found over the posterior surface of the cord; it is however in 
its earlier stages that locomotor ataxia is most likely to be mistaken for 
■chronic meningitis. In locomotor ataxia the meningitis is practically 
limited to the posterior surface of tlie cord, the anterior roots are not in- 
volved, and symptoms of motor irritation and paralysis are not observed; 
the lightning pains are, as a rule, much more severe than in chronic 
myelitis, while eye-symptoms (see pa^e 101) are usually present. The 
■alnence of the knee-jerk is strongly in favor of locomotor ataxia. When 



developed, the diagnoEis no longer 



* 



tho characteriBtic inco-ordination i 
presents any difficulty. 

TTie differential diagnosis of chronic meningitis and chronic my»- 
?iVi«.— Annncomplioated case of chronic meningitis iadiBtiaguished from 
Hn uncomplicated case of chronic myelitia by attention to tho same points 
which have been already referred to, in speaking of the differeDtial iliog- 
uosis of acute meningitis and acute rayelitin (see page 206). In some 
cases a sharp distinction is impnasilile, tor the two conditions are not nn- 
froquently combined. 

Thf differential diagnosis of chronic meningitis and ' npinal irri- 
iation.' — In some cases the distinction ia difficult. 'Spinal irritation' 
occurs chiefly in young women, and is very frequently accompanied by 
symptoms of hysteria; ita characteristic features are {a)pain in the back, 
usually between the ecapulffi, but not unfrequently in the lower dorsal or 
lumbar regiona; (6) marked hyperceslhesia, the alightest touch on the 
akin producing loud complaints of pain and suffering; (r) shooting pains 
in different parts of the body. Marked ancesthesia, motor weakness or 
even complete loss of motor power are sometimes present, but there is no 
evidence of organic diaeose in the cord or the affected muscles; the dis 
proportion between the subjective and objective symptoms, and the fiict 
that marked fluctuations jn the intensity ot the 8)'inptoin8 occur, are 
highly characteristic features, The points of differential distinction be- 
tween the two conditions arc shown in the table on the opposite page. 

Pkohnosis. — The prognosis is uncertain; in most cases the condition 
ietadionsand difficult to cure; the opinion must be chiefly guided by the 
saaee of the attack, its severity, the presence or absence of organic 
changes in the spinal cord, and the general condition of the patient. 

Tkbatmest. — 'I'heaame measures which have been recommended f»r 
the treatment of acute myelitis after the acute symptoms hAtB Eabsidsd 
(see page 209). are to be adopted. 



PACBYMEXtSams SPINALIS. 

Inflammation, commencing in and chiefly confined to the dors mater, 
is usaally limited in distribution, and is very generally chronic. In some 
cases, the osseous surface of the membrane and the connective tissue net- 
work, which lies between the dura and the bones of the vertebral (bnal. 
are chiefly involv»l: in others, the inner surface of the merabnne is 
most affected; the terms pacbyiaeDingitiB u-Zn-aaand pachymeaiBgitts 
initrna ban beeu given to these two conditions respecdvely. 
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Hie differential iltnjno.ii.i 0/ chronic meninfUis and spinal irritation. 



Kae. ASo Sex. 



CliTonic Heiiingitis. 
May occur in eitlipr sex. 

but most coiumon in 

young iDa1e«. 
Usually very gradual : moy 

follow an acute attack, 

the on^et is then ushered 

in by fever. 
Seldom very prominent. 



Spinal Irritation. 

Occurs almost exclusively in 
yonng females. 

May be gradual, but often sud- 
den, the onset is not then at- 
tended by fever. 



Thepains.spaBms, etc.are 
localized and do not vary 
much in their distribu- 
tion and intensity. 
S2riiiptomB indicative of 
organic dieease, aucb as 
local muscular atrophy, 
may ho present. 



Character and Thepains.spaBms, etc.,are Marked fluctuatlonit in the char- 
Course of thb localized and do not vary acter and intensity of the 
StMPTOUS. much in their distribu- symptoms usually occur; and 

there is a striking contrast be- 
tween the severity of the sub- 
jective symptoms and tlie ob- 
jective appearances. There 
are no signs of organic disease 
of the cord, 

Ofheb Signs op Very seldom obeerved, and Common: psychical aHerations, 
HY9TI':I{[a, then only as accidental such as occur in hysteria, are 

complications. The frequent, 
mental condition is nat- 

Often deranged. 



PACHYMESINGITIS EXTERNA. 

Inflanimatioti, commencing in the outer sarface of the dura mater, 
. and in the connective tissuu which lies between the dura and the bones 
of the spinal column, is a secondary condition which results from disease 
of the vertebrie or some other external source of irritation, auch us an 
abscess or deep bed-sore, TJie inflammatory process, which is very gen- 
erally chronic and limited in distribution, extends to the inner surface 
of the dura, and in some cases invades the arachnoid and pia. The most 
characteristic pathological feature is the extensive exudation ; the 
affected portion of the dura is enormously thickened ; the nerve roots 
passing through it, and the cord itself, aro compressed by the oxiidation 
products. Localized pain in the back is generally present, but the most 
characteristic symptoms are those which result from irritation and com- 
preseion of the anterior and posterior nerve roots (hypertesthesia and 
mnscular spasms, aniesthesia, paralysis, muscular atrophy, and absence 
of the reflexes in limited areas of the body); and from slow compression 
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of the cord (impairment of motion and sensation below the level of the 

lesion),' together with the aymptoms of the primary lesion (Pott's dis- 
ease of the vertebrffi, etc.). 

DiAHNOSis. — The condition has to be distinguished from other 
forms of meningitis, and from the other conditions which may cause slow 
compreesion of the cord ; in many cases the Jiagnosia resolves itself into 
the diagnosis of Pott's disease of the vertebree, for that ia by far 
most frequent (jause of the condition which we are now considering. 






PROGNoais.^The prognosis depends upon the nature of the prii 
affection, and upon the condition of the cord itself when tho patient 
comes under observation. 

Thbatment, — The objects of treatment are: — 

1. To remove and cure the primary affection. Where there is Potfe 
disease of the vertebne, the appropriate treatment for that condition must 
be adopted, 

2. To promote absorption of the inflammatory products, and ta 
relieve the cord from the compression to which it is subjected. To carry 
ont this indication, counter irritation by blisters, iodine, or the actual 
cautery ; the internal administration of iodide of potassium ; and the 
application of a weak constant current to the spine at the seat of the 
lesion, are the chief means which it is advisable to employ. Where the 
inflammation of the membranes is secondary to injuries or disease of the 
bones, and where there is any reason to suppose that the compression of 
the cord is duo to displacement of tho vertebrae, extension by means o( 
weights or Sayre's jacket, should be employed. 

3. To allay the chronic myelitis which follows the compression of the 
cord. To carry out this indication, the measures which have been 
recommended for the treatment of chronic t:ivelitis are to be adopted. 
(See page 315.) 

PACHTMESIITGITia INTERNA H^MORBHAOICA. 

^Etiology and Pathology. —This condition is almost invariably 
associated with a similar affection of the cerebral dura mater. In fatal 
cases, the internal surface of the membrane is seen to be covered by 
a thick layer of soft exudation matters wliich are partly organised, and 
in whicli numerous thin-walied vessels are found ; the ecudation which 
may be limited in distribution, or scattered over an extensive surface of 
the dura, is usually of a rusty red or brown color, owing to the presence 
of extravasated blocd ; fresh blood may be present ia the meshes of the 
exudation, or on the surface of the cord ; and large cysts containing clots 
of blood in various stages of absorption, are not uncommon. The con- 
' See also Chapter II., p. 57, et s?q. 
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dition, like hiematoma of the dam mater Ja usually seen in pGrsona suf- 
fering from genera! paralj/sis of (he inaane, Exoess in alcohol is tliought 
by some to produce it, and a traumatic form has also been described. 

SYMPTOua.— The symptoms are usually complicated with those of hse 
matoma of the cerebral dura. The spinal ay mp to ma are those of a chronic 
and ill-defined meningitis, such as pains in the buck, stiffness in the 
spine, slight indications of motor and sensory irritation, and of motor 
and sensory impairment. It is important to remember that sudden ex- 
travasation of blood, from the thin-walled vessels in the inflammatory 
exadation, may occur ; and that symptoms characteristic of meningeal 
hiemorrhage may be developed in consequence. 

DiAOKogia. — The condition should be suspected when symptoms of 
chronic meningitis are associated with the ayraptoraa of cerebral hfema- 
toma ; if, in addition, sudden exacerbations of the spinal symptoms 
every now and again occur, a diagnosis of pachymeningitis interna hsem- 
orrhagica may be ventured upon. 

PACHTMENIS0ITI3 INTEENA HYPEBTEOPHICA. 

Thia condition is a chronic inflammation of the tuner surface of the 
dnra, the great characteristic of which ia the enormous thickening and 
production of cicatricial fibrous tissue which take place. Tho affection 




At Hypertrophlod d 



has been described by Prof. Charcot under the name of pachymeningite 
eervicah hypertrophique. The morbid process affects tho cervical region 
of the membranes, and usually extends in a ring round the cord ; the 
arachnoid and pia become involved, as shown in fig. 15i> ; the nerve 
roots arising from the cord at the seat of the brain are first irritated and 
then destroyed, and the cord itself is subjected to slow compression. 
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Charcot divides the affection into :^(1) a stage of irritatiop, which 
usually laate for two or three months ; (2) a stage of paralysis and atro- 
phy. 

First staffs.— The Bymptoms of the first stage, which are due to irri- 
tation of the anterior and posterior nerve roots as they pass throngh the 
affected portion of the membmnes, consist of shooting pains, severe in 
character, and referred to the seiieitive areas of the affected roots (back 
of the neck, shoulders, arms, or upper part of the thorax); hypenesthB- 
sia; muecalar twitcliings and spasms hi the musclea supplied by the 
irritated anterior uerve roots (rigidity of the neck, upper parts of the 
spine, or musclea of the upper extremities); together with symptoms of 
slight sensory and motor impairment. Trophic disturbances in the 
akin (herpetic eruptions, etc.) are also sometimes seen. 

Second stage. — The symptoms eharacteriatic of the first stage slowly 
increase, and the second stage is reached; it is characterized by aoies- 




thesia, paralysis, and atrophy in the sensitive and muscular areas of the 
compressed nen-o roots; the faradic excitability of the muscles supplied 
by the compressed motor nerve roots is slowly abolished, and tlie charac- 
teristic contractures and deformities occur. 

When the lesion involves the nerve roots arising from the lower end 
of the cervical enlargement, the muscles supplied by the ulnar and 
median nerves are chiefly affected, and the hand assumes the position 
shown in fig. 160. 

When the lesion la situated higher up, the muscles supplied by the 
'prspiral nerve are chiefly paralyzed, aud the hand assumes the 
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poaition shown in flg. IGl; this waa the condition in a case quoted by 
Dr. Roes,' which was umler the care of Dr. Leech. 

Tranaverse myelitis at the aeat of the compreBsion, and secondary 
descending degeneration below the lesion, gradnaily develop, and a con- 
dition of spastic paraplegia, together with the sensory diatnrbances and 
other symptoma which have been deaeribed as characteristic of a trans- 
Terse myelitis (see p. 49), slowly siipervenes. 

The duration of the case is always long; in some cases, tho terminal 
tion is in death, which may PMiilt from some intercurrent complications, 
or from cystitis, bed sore,a. etc. ; in others, the morbid process is arrested, 
the paralysis and rigidity in the lower extremities may become less. 




bat the contractures and deformities of the upper limbs, in the great 
majority of eases, remain. 

DIAGKOSI8. — The condition may at first sight be mistaken for amyo- 
trophic lateral sclerosis or progressive muscular atrophy. 

The differential diagnosis of pachymeningitis cervicalia hypertrophica 
and amyotrophic lateral sclerosis. — The motyr symptoms (rigidity and 
atrophy in the upper extremities) resemble very closely the motor symp- 
toms which characterize amyotrophic lateral sclerosis, bnt the two affec- 
tions are at once distinguished by the facts:— 

(!) That in pachymeningitis cervicalis hypertrophica, symptoms of 
sensory irritation (severe pains and hypersesthesia) are prominent 
features in the first stage, while they do not occur in amyotrophic lateral 
sclerosis. 

(2) That in amyotrophic lateral sclerosis the musclea o( the lower 
extremities, after being for a time rigid, undergo atrophy, whereas in 
pachymeningitis cervicalia hypertrophica, atrophy in the muscles of tha 
lower limbs does not occur. 

' DiaeaKs of the Kervoiis System, vol. it. p. 888. 
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(3) That the coarse of amyotrophic lateral sclerosis is much more 
acute, and that the termination is invariably in death, the fatal result 
being very generally due to extension of the lesion to the medulla ; 
whereas in pachymeningitis cervicalis hypertropLica the progress is 
always slow, and incomplete recovery is not uncommon, and the morbid 
process rarely, if ever, invades the medulla oblongata. (See also table, 
p. 236.) 

The differential diagnosis of pachymeningitis cervicalis hypertrophica 
ar^ progressive muscular atrophy, — In the second stage, the condition 
may, at first sight, be mistaken for progressive muscular atrophy, but it 
is at once distinguished : — 

(1) By the pronounced sensory disturbances. . 

(2) By the fact that the atrophy is preceded by a stage of rigidity 
and tension. 

(3) By the spastic paraplegia of the lower extremities. 

The well-marked symptoms of sensory and motor irritation in the 
sensitive and muscular areas of certain nerve roots, together with the 
symptoms and signs of transverse myelitis, show conclusively, that the 
lesion is extra-medullary 

It is not always easy to make the next step in the diagnosis, i. a., to 
determine the pathological character of the lesion, for it may be difficult 
or impossible to decide whether the symptoms are due to— (a) Pott's 
disease of the* vertebrsd and associated pachymeningitis externa; {h) 
extra-medullary tumors arising from the bones or membranes; or {c) 
pachymeningitis cervicalis hypertrophica. In attempting to decide this 
question, attention must be directed to the following points : — 1. The 
condition of the spinal column. 2. The age of the patient. 3. The 
condition of the temperature. 4. The presence of lesions in other 
organs, indicative of scrofula, cancer, etc. 

The points of differential distinction are given in the following table. 
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Treatment. — The same treatment which has been recommended for 
]Micliy meningitis externa (see j». 233), particularly couater>irritatioa at 
the seat of the lesion, and the internal administration of lodidB of 
potassium, is to be adopted. 

lyrUA- AyD extra-medullary H.E3I0RRHAaE. 

Blood is occasionallT, though ren- rarek, estreTaested into the sab- 
Btance of the cord, or into the spinal membranes; the former condition 
may be termed intra-medullari/. the latter fxfra-mfdullary hemorrhage. 



nrrBA-MEDULLARY HEMORRHAGE. 



Synonym 



-SPINAL APOPLEXY. 



Etiology and Pathology. — The great causes of intra-medullary 
h»morrliage are (1) alterations in the yascular walis, which weaken thoir 
i-esi3tauce and (2) increased blood pressure. In some cases the hEstnor- 
rhage occurs independently o( any previous cord lesion; but in many the 
cxtraTasatioo 13, as it were, an accidental complication occurring in the 
course of some other morbid condition. Extravasations of the latter de 
ecription are not uncommon in acute hiemorrhagic myelitis {aee fig, 133), 
nnd blood is occasionally poured out from tho thin-walled and dilated 
vessels of a soft gliomatous tnmor. Hsemorrhage into the substance of 
the cord is probably sometimes due to traumatic violence, such as a 
direct blow on the spine, or a fall on the feet,' The condition may oc- 
cnr at any period of life, but is most frequent between the ages of ten 
and twenty. In this respect spinal apoplexy differa very markedly from 
cerebral haemorrhage, which ia mnch more frequent in old people; the 
varlier occurrence of spinal apoplexy is probably explained by the fact, 
that in many cases the bleeding is not the primary condition, but is an 
accidental event occurring in the course of some other morbid process. 
The amount of blood which is extravasated is usually small, the clot 
seldom being larger than an almond. The bleeding is almost always 
confined to the central gray matter. The blood ploughs up and destroys 
the nerve structures, and the function of the affected part is immedi- 
ately interrupted; should the patient survive for a sutficiently long 
period, inflammatory changes occur in the neighborhood of the clot, and 
secondary degenerations are established. 

OusEr, Stmpto«s, and CornsE. — In some cases, the extravasation 
takes place rapidly, and the patient is struck down with immediate para- 
lysis of a paraplegic type; severe pains in the back may be experienced 
at the time of onset, but there is no loss of consciousness. In other cases, 
the blood is poured out gradually, and it may be some hours before the 
paralysis becomes fully developed. The motor, sensory, reflex, vesical, 
rectal, and other derangements are identical with those which result 
Irom an acute transverse myelitis, in fact a large hsemorrhage into the 
aubataoce of the cord ia a typical example of an acuto, total transverse 
lesion. (See page 40.) 

DiAQifOSiS. — Hoemorrhage into the auhstauce of the cord is readily 
distinguiahed from cerebral hiemorrhago by the fact that there is no dis- 

' The most severe external violence maj however be applied to the spinal 
cotuiun without any Isaion of the cord or ita membranes being produced, 
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turbanoe of the cerebral fanctionB, and by the paraplegic diatribntioa of 
the paralyeis. The only conditions with which it is at all likely to be coo- 
founded are polio-myelitis anterior acuta, acute myelitis, and ertru- 
raedullarj' hffimorrhage. 

The differential diagnosis of inira- medullar 1/ htemorrhage, and polio- 
myelitis anterior acuta presents no difficulty; the chief points of dis- 
tinction are given in the table below. 

Table showing the differential diagnosis of Intra-Medullary Hainor. 
rhage and Polio-myelitis Anterior Acuta. 
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The differential diagnosis of intra-medullary hwmarrhage and acute 
myelins has already been considered. {See page 209. ) 

7^16 differential diagnosis of Intra- and Extra-medullary hmmorrhage 
should not present any great difficulty. The important fact to remember 
in distingnishiag the two conditions is, that in intra-medullary hsemor- 
rbage (aa in acato myelitis), symptomsof motor and sensory impairment 
predominate; whereas in extra-medullary haemorrhage (as in acute men- 
ingitis), symptoms of motor and sensory irritation are relatively much 
more marked. The chief points of distinction between intra- and extra- 
medullary hsemorrhagQ are given in the following table. 



Table showing the differential diagnosis of Intra- and Extra-Medullary 
Ilminorrhage. 

Intra-niedallary Heemorrhage. 
Pain in the back may occur al tlie on- 
set, but Boon disappears : siiooting 
pains in the limbs and hypereestheaia 
are not prominent, or do not occur. 

HuHCular crampa and Bpaama may oc- 
cur at the very commencement. Pro- 
found paralysis and aniesthesia are 
very rapidly developed, 

Faralyaia of the aphincterH. anunoniacal 
urine, and oystitis ; or obstinate re- 
Inntion and constipation are very fre- 



£ztra-medallary Hemorrhage. 
Pains in the back, shooting-paina in 
the limbs, and hyperffistheaia are 
sCronglf marked, and generally 
continue for some time. 

Muscular cramps, tipasins, and rigidity 
are very promineut features; para- 
lysia and aniBathesia are seldom 
very marked, and appear late. 

The fimcCiona of the bladder and rec- 
tum are not Berioitsly interfered 
with, until, at all events, the later 
stages ot severe casts. 



pro- Bed-sores do n 



IVnphic derangements of the skii 
dudng large bed-sores 

'^e affection is very serious; it often The aflection is much less serious; !t 
proves fatal; and recovery is always is probably often recovered from; 

incomplete. the cure may be complete. 

PR00S08I3. — The prognosis depends upon the size and position of 
the clot; other things being equal, a large clot ia much more serious than 
a email one: a hemorrhage into the upper cervical region is rapidly 
fatal owing to the respiratory paralysis which it produces; a hremorrhage 
into the lumbar region of the cord, which almost of necessity produces 
paralysis of the sphincters, is more serious than a hifimorrhage into the 
dorsal region; cases in which large bed-sores are quickly develojjed 
almost invariably prove fatal. 

Teeatmest. — In the earlier stages we must endeavor to arrest the 

bleeding. The usual plan of treatment for any internal haemorrhage is 

to be adopted. The patient should be placed in the prone position, 

16 
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perfect rest shoald be enjoined, ico bags upplied over the spinal colnmn, 
and full doaes of ergotine glren subcutaneougly. lo practice it is sel- 
dom possible to carry out this method of treatment sufficiently early to 
produce any decided effect upon the hasmorrhage itself, in most cases, 
the damage is already done before the case comes under observatiou; id 
some cases, it is possible to mitigate the after effects by reducing aitit 
keeping in check the infiammatory changes which follow the hajraor- 
rhage. The subsequent treatment of the case is the same as the treat- 
ment of acute myelitis. (See page 209.) 



EXTSA-MEDULLARY HMMORRSAQE. 
SffllOnym. — SPIWAI, STESINQEAL HfUOKBSAQB. 

.Etiology and Pathology. — Effusion of blood into the spinul 
membraues is, like iutra-modiiUary hsemorrhage, rare. The conditions 
which give rise to it are: — (a) traumatic injuries, such as blows on the 
spine or violent concussions;' (fi) pachymeningitis bEemorrhagica; («} 
the rupture of aneurisms of the thoracic or abdominal aorta into the 
spinal canal; {d) purpura, scurvy, and other conditions in which a strong 
tendency to hiemorrhage exists; and finally (e) the extravasation of 
blood into the cranial cavity; in some cases of this description the blood 
finds its way into the Bpinal canal. 

In some cases the blood is poured out between the dura and the bones 
of the vertebral canal; in others between the dura and the arachnoid. 
The amount of blood varies considerably in different ca^s; it is some- 
times sufficiently copious to envelop the whole cord or durii; the blood 
may be partly fluid, but is generally clotted and dark colored. In fig. 
1G3, a section through the spinal cord and its membranes in a case of 
extra-medullary hasmorrhage is shown. 

Onset, Symptoms, axd Oouese. — The extravasation may occur 

instantaneously, and the symptoms are then suddenly developed; iu 
some cases the effusion is more graduaL When the extravasation is large 
the initial symptoms are usually characteristic, and indicative of severe 
meningeal irritation, viz., pain in the baok, shooting- pains iu the limbs 
or trunk, muscular cramps, twitchings, spasms, and rigidity. Some 
symptoms of motor and sensory impairment are usually present, bnt the 
paralysis aud anEesthesta are seldom great. The stage of reAction may 
bo attended with some febrile distnrhance. 

PfiOGNOsis. — The prognosis is much more favorable than in the 
intra-meduUary variety; in many cases the symptoms gradnally abate. 

' It must bo remembered that in many cases iu which extreme violence b ap- 
plied to the spinal cotumn, there is no htemorrhage either on the stufaoe or »(» 
the Bubalance of the cord. 
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and the patient may eventually get quite well. A large liosniorrhage 
into the upper part of the spinul canal may prove immediately fatal. 
Where the hsemorrhage is sufficiently co[jiou3 to compreas the cord, 
myelitia may be developed, and death may result from exhaustion, bed- 
sores, or cystitis. 

Diagnosis — The diagnosis of a well-marked case shonld present no 
difficalty. The characteristic featnres are the sudden occurrence of 
i^mptoms of m3ningeal irritation aud the absence of fever at the com- 
mencement of the attack. 

A spinal meningeal hiemorrhage is at once distinguished from an 
ijitra-cranial hmmorrhage by the fact that the symptoms are entirely 
spinal. 

Acute meningitis resembles meningeal hsemorrhage, inasmuch as 
.flymptoms of spinal irritation are rapidly developed in botli conditions; 
the distinctive points are: — (a) that in meningeal hemorrhage the onset 

sually much more rapid than in acute meningitis — it may be inatau- 
tanoous; and (4) that meningeal lisemorrhage is not ushered in by fever. 

The points of differential importance between meningeal hjemor- 
rhage and kmnorrhtige into the substance of the cord, have already been 
considered. (See page 241. ) 

Teeatuen'T. — In the earlier stages the treatmjnt recommended for 
the arrest of an intra-raeduUary hemorrhage (see page 241) is to be 
adopted. Subsequently the case is to be treateii as a case of acute men- 
ingitie. (See page 228.) 

INTRA-MEDCLLAEY ASD EXTRA-MEDtlLLART TUMOEa. 

New formations rarely originate in the cord itself, but they not un- 
frequeutly spring from the bones and membranes. 

INTEA-MEDULLAHY TCMOES. 

MoEBiD AnatOMT. — GUomata, tubercular nodules, glio-saroomata, 
and syphilitic gummata have been found in the substance of the cord : 
they are naually of small size, but ' elongated tumors which have 
stretched, in various degrees of thickness, throughout the whole cord, 
from the conns medullaris to the medulla oblongata' have been met 
with, — (Erb.) In fig. 163, a section tJirough the lumbar enlargement of 
the spinal cord, an extensive portion of which was destroyed by a tnber- 
cnlar tumor, is shown. 

Intra-medullary tumors are usually solitary. They may invade any 
part of the transverse section, but they originate much more frequently 
in the gray than in the white matter. The glioinatoua tumor is said to 
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qpour moat frequently in the cervical, while the tuberculur tunioi a 
more apt to invade the liimbHr enlargement. — (Uayem. ) 

^iEtiolggy.— A blow on the spine or other injury seems occasicnullv 
to be the exciting cause, but in many casea the tetiology is obscure. 

Onset, SrnpTOMS, and CorESK. — In some caaee the symptoms tie- 
velop very gradually, in others paraplegia is somewhat suddenly pro- 
duced. These diSerences in the mode of onset depend upon the 
rapidity of growth of the tumor and. the effects it produces upon the 
nervous structureB. A tumor which ia growing slowly may for a time 
simply displace the nerve elements, and cause atrophy of tha parts Jtt 
ite immediate neighborhood; in such cases the condition is either latMiI, 
or the symptoms are iU-dettned, and consist of slight and localiieil 
derangements of motion or sensation, localized muscular atrophy, etc. 
Sooner or later in the case of tumors of slow growth, and at an early 
period in the history of tumors which develop rapidly, inflammatory 
changes are established in the neighborhood of the tumor, and the con- 
dition of matters then practically corresponds to a focal or transverse 
myelitis, the symptoms of which are described on page 49, In Eome 
Gf^es, blood is extravasated from the vessels of a soft glioma, and thi- 
symptoms of spinal apoplexy (see page 339) are develoiied. 

The exiict character of the symptoms depends therefore wpon the 
position of the tumor, its size, the rapidity of its growth, and eapecially 
upon the nature of the secondary changes in the substance of the cord 
(compression, atrophy, myelitis) which it produces. 

When more than one tumor is present the symptoms are of coarae 
much more complicated. 

DiAGNOSia. — The diagnosis is attended with extreme uncertainty. 
A long premonitory stage of ill-defined symptoms, followed by indica- 
tions of compression of the cord, transverse myelitis, or spintil apoplexy, 
should suggest the presence of an intra- medullary tumor, but a positive 
opinion can seldom be given, 

Pbosnosis, — The prognosis depends upon the pathological oatoreof 
the tumor;' in syphilitic cases recovery, which is usually incomplete 
(some paralysis remaining), is probably not uncommon; tubercular 
tumors are perhaps sometimes recovered from, but in the great majority 
of (non-ayp bill tic) cases the termination is fatal. 

Trbatmest. — Iodide of potassium ahoulil first be given; if this fails. 
arsenic may be prescribed; in tubercular casea cod-liver oil, lacto-phos- 
phate of lime, and general tonics shonld he administered, 
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EXTKA-MEDULLABY TUHOBS. 



Morbid Anatokt. — Tumors springing from the bones, membranes, 
OP nerve roots, are more common than new formations of intra-medul- 
lary origin. The following are the chief variaties which have been met 
with; inflammatory formations, cancGra, and ssrcomatoas growths, aris- 
ing from the bones ; sarcomatous, scrofulous, fibrous, myxomatous, 
syphilitic, fatty, cartilaginous growths, and hydatid cysts, springing 
from the membranes ; ' sarcomatous, myxomatous, gliomatous, and 
fibrons tumors, springing from the nerve roots. Extra-medullary tumors 
are usually localized, and m most cases solitary, though occasionally, as 
in a case figured by Lanoereaux,' numerous separate nodules have been 
found. 

Etiology. — It is seldom that a distinct cause for the condition can 
be ascertained; in some cases, there is a history of traumatic injury to 
the spine; and, in the case of cancerous, sarcomatous, and scrofulous 
tumors, the estra-mednllary growth may be secondary to similar disease 
in some other part of the body. 

Onset, SrMproMS, and Course. — The characteristic symptoms of 
extra- medullary tumors result from irritation of the membranes and 
pressure upon the nerve roots; and in contrasting extra- medullary and 
intra-medullary growths, the same general principle which was insisted 
upon in treating of intra-medullary and extra- medullary inflammations 
(myelitis and meningitis) must bo kept in view, viz., that i>i/ra-medul- 
lary growths give rise chiefly to symptoms of motor and sensory impair- 
ment, while the characteristic symptoms of ^ro-medullary growths are 
irritative in character. 

The//-*/ slaffe, which is usually long, not uafrequently lasting for years, 
IB generally characterized by localized pain in the back, and shooting 
pains, hyperajsthesia, slight sensory and motor impairment, in the dis- 
tricts of the nerve roots which are compressed by the tumor. The exact 
distribution of these symptoms depends upon the position of the tumor 
and the number of nerve roots which are affected by it; in some cases the 
nerve roots of one side only are involved, and the symptoms are unilateral 
in their distribution. Occasionally the symptoms of the first stage are 
indicative of pressure on the cord rather than of irritation of the mem- 
branes and nerve roots. 

7%e second stage. After the primary stage has lasted for a longer or a 
shorter period, the cord itself becomes compressed, and other symptoms, 
which have been described on page 57. are added. Here agitin the char- 

• Calcareous plults, whLch can hardly bo callea tumors, for Ihey are of small 
Biee and do not produce symptomH, and are therefore of pathological rather tin 
q( cUuical interest, are sometimes seen in the nrochnoiJ. 

' Atlas of Pntholnqy. traTialated by Greenfield, plato 45. tig. 3. 
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acter and distribution of the eymptoms depend upon tlie position of the 
tumor and its relationahip to the different columns of the cord; where 
the compresaion afftcts the cervical enlargement, as is seen to be the case 
m the lithograph (fig. 164), all four extremities may be paralyzed; where 
the tumor is situated below the cervical enlargement, the upper ertrem- 
ities of course escape; a tumor which compresses one side of the coni 
produces the symptoms of a unilateral iceiou (see page 53); in someca^i 
the pressure chiefly affects the anterior surface of the cord and the chief 
symptoms are motor; in others the posterior columns are most impli- 
cated, and sensory deraugements are prominent. Compression of the 
cord ultimately produces inflammatory softening, or sclerosis; the wboli- 
transverso section of the cord at the seat of compression may be dis- 
organized (see fig. Iti5), Secondary ascending and descending degene- 
rations of course follow. (See fig. 1G6.) The myelitis is somctimB? 
developed with extreme rapidity, and sudden paraplegia may thus lie 
produced. The ex.sxt nature of the symptoms in the second stage will 
be more easily understood by referring to the description which has been 
previously given of slow compression of the cord, transverse myelitis, aud 
secondary descending degeneration. 

After the second stage is reached the case usually progresses more 
rapidly, and the patient may die from bed-sores, cystitis, paralysis of the 
muscles of respiration, lung com plications, or any of the other conditions 
which give rise to deatli in cases of myelitis. Where the tnmor involves 
the dorsal region of the cord, cystitis and bod-aorea are seldom present. 
and the patient may live for a considerable time after the paraplegia has 
been developed; but in the vast majority of cases the termination is 
fatal. 

DlAQN'OSis.— The diagnosis is sometimes easy, but often nncertain 
or impossible. Symptoms of meningeal and nerve-root irritation {viz.. 
pain in the baok, and irritative sensory and motor phenomenon in cer- 
tain nerve districts), together with symptoms of compression of the corJ. 
demonstrate the jirewnce of an extra-mednllary lesion; and we may con- 
uludi) with considerable probability that the lesion is a tumor, when: — 

(1.) The symptoms have developed slowly, and are not attended witli 
fever. 

(3.) The lesion appears to be of limited vertical extent. 

(3.) There is no evidence of Pott's disease of the spine, and no hiaiory 
of a dislocation or fracture of the vertebrre. 

When in addition to this evidence the presence of a cancerous, scrol- 
olous, hydatid, or syphilitic growth can be demonstrated in some other 
part of the body, the diagnosis of extra-medullary tumor may bo made 
with more certainty. 

ne position of the tumor and its vertical extent are to be ascertained 

by observing — 
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1. The eiact distriltution of tlie irritative phenomena which result 
from pressure upon the untfirior and posterior nerve roots. The partio- ■ 
iilar nerve roots which are implicated can in this manner bo ascertained. 

2. The condition o£ the reflexes and the trophic condition of the 
muscles. 

3. In the case of a unilateral lesion of the cord (a. g., a tumor press- 
ing npon one side of the cord), the position and vertical extent of the 
aoiesthetic hand on the same side as the lesion. (See fig. 02.) 

4. The exact position of the pain in tlie back. The pain which 
results from pressure on the membranes, or from cancer of the vertehrie. 
may be strictly localized, and so may aSord corroborative evidence as to 
the exact position of the tumor. Again a local alteration of the spinal 
columns, such as the presence of an external tumor or thickening of the 
bones, may indicate the position of the intemul tumor, It is important 
to remember that the spinal cord terminates at the lower border of the 
first lumbar vartehra; and that the greater number of the spinal nerves 
leave the spinal canal considerably below their attachment to the cord. 
Hence a tumor springing from tlie bones or membranes, say a tumor of 
the twelfth dorsn! vertebra, will not compress the segment of the cord 
from which the twelfth dorsal nerve arises, hut the segments correspond- 
ing to the second, third, and fourth lumbar nerves. So again, a tumor 
epringing from the third lumbar vertebra will not press upon the cord at 
all, but will only involve the nerVe roots of the caudaei^uina. (See page 
12 and fig. 24.) 

The pafkological character iif the tumor is to be determined by 
observing — 

1. The presence of associated disejised conditions wiiicli are likely to 
give a clew to the nature of the lesion. The presence, for example, of 
malignant disease in the liver or some other part of the body would be a 
sufficient reason for supposing the intra-spinal tumor to be malignant 
too. 

2. The constitutional peculiarities and tendencies of the individual. 

3. The family history — a strong hereditary history of cancer in the 
absence of any direct evidence would suggest a malignant growth, 

4. The effect of treatment. In a supposed syphilitic case, rapid im- 
provement under iodide of potassium and mercury would confirm the 
diagnosis. 

Tkeatmest. — The same measures which have been recommended 
for the treatment of tntra-meduUary tuipors are to be adopted, and the 
possibility of removing the growth considered. The operation is not as 
yet a recognized plan of treatment. This is partly owing to the uncer- 
tainty of diagnosis, and partly to the serious nature of the operation. 
The difficulties in diagnosis are disappeariug, and, thanks to antiseptic 
surgery, we can now undertake operations which were formerly unjusti- 
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fiable. I would advise an operatiou in any case in which the symptonid 
were urgent; in which tlie ditiguosis clearly indicated the presence of & 
tumor; in which there waa no evidence of malignant disease; in which 
the exact position of the growth could be localized; and in which ^ 
vigorous anti-syphilitic treatment had failed to produce beneficiai 
results. 



THE FUlfCTIONAL DEBAIVGEUENTB OF THE SFINAX. COED. 

Functional deranuements of the spinal cord are of frequent occurrence 
in practice; and since they more or less closely simulate the derange- 
ments which result from disease, their diagnosis may be attended witli 
considerable difficultj. 

In some cases, it is the motor; in others, the sensory f nnctions which 
are deranged; in others again, both the motor and sensory functions are 
involved. Hysterical paraplegia; paraplegia depending upon idea; via- 
larial paraplegia; antsimc pnraplegia; and the condition which has been 
termed neurasthenia spinalis, are the more important affections In 
which the motor functions are chiefly deranged; while in spinal irri- 
tation the sensory functions are implicated. 

It is of the first importance to remember that. in many of the cases in- 
cluded under this group, the derangement of function is not limited to 
the spinal cord, but involves the higher nerve centres; indeed, in many 
of the cases of so-called functional derangement of the spinal cord it la 
the cerebral rather than the spinal centres which are primarily atfa\ 
A clear appreciation of this fact is of the greatest importance 
ment. 

Ili/sierical Paraplegia. 

Definition. — Loss of power in the lower extremities, occurring 
hysterical persons, and resulting from functional and not from organfi 
changes in the nerve apparatus. 

etiology. — Hysterical paraplegia is essentially a disease of the 
female; it occurs more particularly during the period of menstrual 
activity {i. e., usually between the ages of fifteen and forty-five), and is 
much mora common in young than in middle-aged women,' 

Onset, Symptoms, and Course. — The mode of onset varies; in some 
eases, the loss of power is slowly and gradually developed; in others, 
motor power is quickly, indeed sometimes suddenly, eatablished. 

The condition of the affected mwc/e-.— There is nothing distinctive 
in the condition of the paralyzed muscles. In some cases, the loss of 



' Paraplegia and other forniB o( hysterical paralyBiBareaometiinefl met V7illii" 
-women who have passed the middle age; but in cunea of this deocription the 
paralysis has usually been of long dumtioa, and Las commenced during th& 
period of menstrual activity. 
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motioa is incomplete; in othere, a!l motor power ia abolidlied. The 
paralyzed muscles are Bome'tlmcs fluccid; in other ca^s they are rigid, 
the reflexes exaggerated, the auiilc cIoqub present, and the condition ex- 
actly resembles the spastic paraplegia which results from organic disease. 
'Where the paralysia is of long duration, the muscles may become wasted, 
but there ia never local atrophy. The ' reaction of degeneration ' is never 
present. 

77ie cunditioH uf the sensory functions. — Sensory disturbances are 
QBuatly jireseat. All forma of skin sensibility may be abolished. Ia 
some cases, there is complete insensibility to pain, but sensibility to 
touch and temperature remaine; Dr. Drummoud thinks this condition 
is distinctive of hysteria. In others, again, tliere is hyperieathesia. Ac- 
cording to Duchenue, paralysis, with abolition of the muscular sensi- 
bility, ia characteristic of hysteria. This opinion is, however, disputed 
by some recent writers. 

The condition of the bladder and Tectum.~~Th.e sphincters are never 
completely paralyzed, but retention of urine ia common; spasmodic in- 
continence may also occur. After a ' fit ' or emotional disturbance, the 
evacuation of large quantities of limpid urine, of low speci&c gravity, is 
frequently observed. 

Bcd-BorcB are never present. 

The general condition of the patient. — Other symptoms and signs of 
hyeteria, such, for example, as the fades ki/»terica described by Todd, 
are usually present. Thei'e is not nnfrequenlly some disturbance of the 
uterine or ovarian functions. 

Diagnosis. — The diagnosis is often attended with considerable diflS- 
eulty, and cases are every now and again met with in which serious 
organic disease (myelitis and polio-myelitis anterior acuta for example) is 
said to be hysteriual. Mistakes of this description are often due to the 
fact that serious organic disease is frequently associated witJi thL' general 
symptoms and signs of hysteria; it ia in fact essential to remember that 
all cases of paraplegia occurring in hysterical patients are not necessarily 
functional, i. e., hysterical; the presence of hysteria, or a history of hys- 
terical fits, is only corroborative evidence, and the (positive) diagnosis of 
hysterical paraplegia should never be given uulessthe observer has, after 
the most careful examination, failed to detect the signs and symptoms 
of organic disease. 

Prognosis. — The prognosis in uncomplicated cases of hysterical para- 
plegia is eminently favorable; the disease has no tendency to destroy or 
Bhorten life, and the condition can almost always be cured by judicious 
and well directed treatment. 

Treatment. — It is essential in the first place to assure the patient in 
the most positive terms that there is no organic disease, and to impress 
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her with the iUea that there is no reason why she ehoald not immeiliatelj 
get perfectly well. But in order to speak with such confidence, it is 
«88ential, us Dr. Btizzitrd h»s i!0 well pointed out, to feel absolutely sure 
of the diagnosis. Every one who had any experience in the manage- 
ment of cases of this description will thoroughly indorse his Btat«ment 
•you cannot care ' (I would prefer to say yon cannot he certain of curing] 
'a case of hysteria so loug as you hare any serious doubts abont it? 
nature.' ' 

Before, therefore, the physician can form an opinion as to the pn^- 
nosis, or enter with confidence upon tlie treatment of a case of hysterical 
paraplegia, it is essential to make a careful and ayatematio e.xsminatioa 
of all the different systems and organs, including, of cooree, the pelvic 
Tiscera. 

In those cases in which the paraplegia is incomplete, and the patient 
is able to stand and walk, however imperfectly (and in caees of this de- 
scription the muscles are very often flaccid, and there is no evidence 
whatever of spinal disease), she must be urged to walk at once. With 
firmness, combined at the same time with judicious kindness and stiti- 
pathy, the physician, who feels sure of his diagnosis, and who will take 
the trouble to see that his patient does walk, and to superintend her first 
few attempts at out-door exercise, will, as a rule, speedily obtain in cases 
of this description very satisfactory results. The patient should first be 
made to walk across the bed-ro6m, and in order that the movements of 
the legs may be clearly perceived it is usually advisable to make her walk 
bare-foot«d and in her night dress; she must be convinced that she can 
move her limbs with perfect freedom and walk perfectly well. She 
should then be made to walk out of doors; and each day a walk of a 
given distance, which daily becomes longer, but which is never too mucii 
to overtax her powers, should be ordered; the physiciau should wot be 
Kitisfied unless the daily task is satisfactorily accomplished. The appli- 
cation ot the faradic current is often in these cases {and indeed in ail 
forms of hysterical paralysis) eminently beneficial. The general heullli 
must at the same time he maintained in the best possible state of effi- 
ciency, the condition of the bowels regulated; a simple tonic may also 
be prescribed. 

It is also of the greatest importance to impress the patient's relatives 
and friendswith the absolute necessity of treating her like an ordiuary 
healthy individual; injudicious sympathy in cases of this description is 
most hurtful; the friends must be made to realize the necessity of allow- 
ing the patient to do everything for herself, 

In severe and long continued cases, it is often impossible to cure the 
patient so long as she is surrounded by sympathizing relatives, and it is 



' Diteaaea of the !fenou» Sff»teiti, p. 04. 
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ill eaaea o£ this description that Dr. Weir Mitchell's plan o( treatment ' 
by fleclusion, rest, massage, electricity, and fnll feeding, is often so emi- 
nently beneficial. 

In those c-iises of hysterical paraplegia, in which the limba ara rigid, 
it ia sometimes much more dificalt to effect a euro ; the spasm should be 
thoronghly relaxed by tha administration of chloroform or ether, and 
this procedure should be repeated from time to time if the first adminis- 
tration is not effectual, i. e., if tiie spasm returns after the narcotism is 
recovered from ; the subcutaneous injection of a small dose of morphia, 
or even of simple water into the rigid limbs is sometimes useful ; and 
(as in those cases in which the hysterical paralysis is associated with flac- 
cidity) the application of the faradic current is often eminently beneficial. 

Space does not permit me to enter into further details, suEBce it to 
ssy that the management of cases of hysterical paralysis is essentially 
t)tc same as that of aggravated cases of general hysteria. 

Paraplegia depending upon Idea. 

Si/mploms. — Under the term 'Paralysis depending upon Idea, Dr. 
Russell Reynolds has described certain cases of paralysis, depending upon 
imagination. In these cases, there is no intention to deceive ; the pa- 
tients really believe that they are the victims of serious organic disease. 
Some cases of this sort are probably identical with the cases of hysterical 
paraplegia which we have just considered ; others seem to he distinct 
from ordinary cases of hysterical paralysis, and from ordinary cases of 
hypochondriasis. The patients are, for the most part, of a highly ner- 
Tons, and often very active mental temperament ; their general health* 
is usually below par, but they do not, so f:ir as my experience goes, ex- 
hibit the usual symptoms of hysteria. Tlie fixed belief that they are 
paralyzed, and the concentrated attention which the affected parts re- 
ceive, induce functional disturbances, which are often of a striking 
character; startings, twitchings, and fibrillary tremors occur in the limbs 
and other parts of the body ; aching, muscular (myalgic) pains are com- 
mon ; the heart is easily excited ; palpitation is frequent ; exertion or 
mental excitement is followed by a feeling of exhaustion and fatigue. 
The patient becomes impressed with the idea that he ia unable to do 
an}'thiug ; that he is paralyzed, etc. There is often sleeplessness and 
rostleasness ; he wakes up towards the early morning hours, and rises 
nnrefreshed. The stomach may be deranged ; constipation ia common. 
On physical examination the reflexes — super^cial and deep — are gener- 
ally found to be exaggerated, the muscles supposed to bo paralyzed are 
usually soft and flabby ; in chronic cases there may be considerable 
atrophy, but it is not limited to special muscles or groups of mnecles — 
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a point of importance, for, in some casee wbich liAve come under mj 
notice, ttie liiagnosi^ luy between this condition (ideal paralysis) and 
progressive muscular atrophy. Sensibility is not affected. The bladder 
is healthy ; the bowels, as already mentioned, are usually constipated. 

The los3 of motor power is seldom if ever complete, and often pre- 
sents anomalous characters, for example, a patient, who can neither 
Btand nor walk, will move the legs in any direction when in bed. 

' Ideal paraplegia ' often lasts for a long time, it may be years, and it 
is sometimes most difficult to cure. 

Diagnosis. The diagnosis of it is to be made by attention to the fol- 
lowing points : — 

1. Tlie condition of the paralyzed parfs.— There is no positive evidence 
of organic paralysis. The increased reflex excitability is general, and i^ 
not confined to the paralyzed parts. The startings, jerkings, and fibril- 
lary twitchiiigs are not limited to special muscles ; the muscles in which 
they occur do not present any special atrophy. There is no affection of 
the bladder or rectum. _fl 

3. The mental condition and temperament of the patient. — The 1h^| 
that the patient's mind is concentrated on his condition ; that he ifl^| 
ways thinking of his symptoms, examining his liobs, etc.; and that he 
is thoroughly impressed with the idea that he is the subject of serious 
organic disease is, in the absence of symptoms and signs of organic dis- 
ease, a strong point in favor of ' ideal ' paraplegia. 

3. The history and progress of the case. — In chronic cases the fact that 
there are no marked alterations in the condition of the aSocted muscleB, 

. is another point in favor of ' ideal ' paraplegia. 

In some cases there is a family history of spinal jwralysia ; this fact, 
of course, tells in two ways, for, on the one hand, wo know that nervoas 
affections are frequently hereditary, on the other, it must always be re- 
membered that persons of a susceptible nervons temperament, who are 
brought in contact with disease, are very apt to imagine that they them- 
selves are the subjects of it, 

4. TJie effects of treatment. — A favorable opinion, confidently^ 
pressed, and appropriate treatment confidently carried out, sometiH 
effect rapid and remarkable improvement. 

Prognosis. — Gases of this description are very difficult to cur 
the physician is absolutely sure of his diagnosis, and in this respect t 
are very similar to the more aggravated forms of hysterical paralyBis,fl 

Treatment. — The same plan of treatment, which has previously fa 
recommended for hysterical paraplegia, must be adopted. 
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1 Malarial Paraplegia, 

Characters. — Paraplegia sometimes occurs as the resuU of malarial 
infeotioii. The pathology of the couditioii is unknown, but the evunea- 
cent character of the paralysis — the mpiditj with which it is developed, 
and the rapidity with which it may disappear— seems to show that the 
spinal alterations are functional in character. The condition is a rare 
OQe, even iu malarial districts, and no case has come under my personal 
observation. The characteristic feature of the paralysis is, that it is 
intermittent, and that it occurs at regular intervals, just as the ordinary 
febrile paroxysms (quotidian, tertian, etc.) do. 

Diagnosis. — The diagnosis is to be based upon : — 

1. The absence of the signs and symptoms of organic disease. 

2. The iiilermittent character of the paralysis. 

3. The fact that tlio patient has been exposed to malaria, and tliat 
the paralysis is cured by anti-malarial remedies (quinine). 

Treatment. — Anti-malarial remedies, more especially quinine, and 
the general treatment suitable for other malarial affections, are to be 



Reflex Paraplegia. 

Characters. — Paraplegia occasionally results from peripheral irritation 
acting reflexly. The source of the irritation is iiBoally in the bladder or 
urethra. Brown-Seqnard supposes that the immediate cause of the pa- 
ralysis is aniemia of the cord, and that the aniemia is due to spasmodic 
contraction of the vessels of the cord, produced reflexly, 

In many cases of so-called reflex (urinary) paraplegia, there are or- 
ganic changes in the cord, of an inflammatory character. In some, 
probably the majority, the inflammatory changes result from direct 
extension to the cord, of similar conditions in the distant (peripheral) 
parte. The extension may take place along the nerves (neuritis ascend- 
ens), or through the blood-vessels. In other cases in which organic 
lesions have been found in the cord, the intermediate parts have ap])eared 
to be healthy, and it is supposed by Benedict, that organic spinal lesions 
can actually be induced reflexly, independently of direct extension, 
Casfs of this description, in which there is an organic lesion of the coni, 
cannot correctly be termed reflex, if we understand by that term, a 
functional paralysis due to peripheral irritation acting reflexly, 

Tme (functional) reflex paralysis is undoubtedly rare, but that it 
does occasionally occur in man seems beyond dispute, and that it can be 
induced in the lower animals seems proved by the remarkable chloroform 
experiments which Brown-Sequard has lately published. 

Diagnosis. — The diagnosis of reflex paralysis is always hazardous, 
and should oaly be made when : — 
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Firntly. There is no evidence of organic disease. 

Secondly. There is a manifest aourco of peripheral irritation. 

Thirdly and chiefly. The removal of the irritation is followed by the 
disappearance of the paralysis. 

, Prognosia and Treatment. — In cases of true reflex parolj'sis tie 
prognosia is favorable ; the treatment consi a ta essentially in removal of 
the source of peripheral irritution. 

A ncemic Paraplegia. 

Paraplegia sometimes results from the sudden stoppage of the blood 
supply to the lower end of the cord, an accident which occnrs in the 
course of some abdominal aneurisms in consequence of detachment of 
the clot or obstrnction of the abdominal aorta. 

In some cases of aortic regurgitation, weakness in the lower extrem- 
ities — never, so far as I know, amounting to true paralysis — is seen. 
The motor weakncBS profiably resulta from autemia of the lumbar region 
of the oord, but this point has already been referred to. (See page ' " " 
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Functional Alcoholic Paraplegia. 
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A temporary form of paraplegia, which is probably in some cases at 
least due to vaso-motor alterations in the cord, is sometimes produced hx 
aicoholic excess. 

The paralysis is, in some cases, partial, in others complete; the 
affected muscles are naually flaccid, and may, according to Buzzard, 
present the electrical alterations characteristic of the * reaction of degen- 
eration' ; the knee-jerk is usually abolished, the superficial reflexes may 
remain; sensory disturbances, more especially lancinating or myalgic 
pains in the feet and legs, and in some cases hypersesthcsia of the skic, 
are often present; in the cases reported by Broadbeut,' vaso-motor alter- 
ations in the skin were present, characterized by a pale, pufiy, purple 
discoloration of the hands and feat, whicli waa most manifest when they 
were hung down over the edge of the bed. 

The condition is much more common in women than in men, and \t 
in the great majority of cases recovered from, though Broadbeut has 
reported coses, which seemed to be of this nature, in wLiich the di£Gsa« 
proved fatal. 

The diagnosis may bo attended with some difficulty, and can only be 
nude by close attention to the progress of the case, coupled with the 
fute that the patient has been in tlie habit of indnlging id alcoholic 
excess, and that (provided that the cause be removed), the paralysia is 

' See Dr. Broadbent'a paper read to the Boyal Medico Chinirgical Society of 
London on Fabru&iy 13, 1894, and reported in the Jtedtcol Timm and OaxBtU 
of FfebruaiT 16. ISSi. 



J 



FPSCnONAL PABAPLEOIJL 

almost: always recovered from. In aome cases, the condition, as Broad- 
bent, Wilks, Buzzard, and others have shown, ' bears a close resemblance 
to acute Oiefiding paralysis ; it ia distingniahed from that affection by 
the order of development of the paralj-sis, by the fact {mentioned by 
Buzzard) that the 'reaction of degeneration' can generally be demon- 
strated in the paralyzed muscles, and by the presence of mj^algic pairia 
and hypersesthesia. According to Broadbont the double wrist drop is 
highly characteriBtic. 

The proj/nnsis is favorable, provided that the patient will abstain 
from alcohol, and that th<.Te is no organic lesion present to interfere 
with the favorable progress of the case. Itf must, however, be remem- 
bered that myelitis and other forms of organic disease may occur in 
persons addicted to alcoholic excess; every ease must, therefore, be 
judged on its own merits, and the observer must not too hastily con- 
clude that because the patient has been given to alcoholic excesses the 
paralysis is of the temporary and curable fortu which has just been 
described. 

The treatment should consist in the removal ot the cause, the regula- 
tion of the general health, the administration of nervine tonics, more 
eaj)ecially arsenic and strychnine (in those cases in which the paralyzed 
muscles are flaccid) and the systematic application of the faradic current 
to the paralyzed parts. 

y^eurastkema Spinalis. 

Under this term some writers dercribe those cases of functional 
nervous weakness (nervous exhaustion) in which the chief symptoms are 
spinal. 

The condition, which is comparatively common, is generally mot 
with in males between the ages of twenty-five and forty, and is charac- 
terized by sensations of weakness in the lower extremities, never, how- 
ever, so far as my observation goes, amounting to absolute paralysis. The 
motor weakness is very variable, and is often accompanied by a feeling 
of great lassitude and general fatigue. Aching pains between the 
shoulder blades, in the loins, and sometimes down the back of the legs 
((. e., in the course of the sciatic nerves) are very frequently observed, 
and in some cases there is tenderness on pressure orer the vertebr.al 
spines, identical in character with the paiu and tenderness of 'spinal 
irritation.' Transitory sensations of numbness and formication are not 
uncommon, but true ftncesthesia is never present, so far as I have been. 
able to observe. 

The neuro-mnsoular apparatns of the lower extremities seems in 
many cases absolutely healthy; in others, the muscles are soft and flabby. 
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and fibrillary twitchinga are Boinetimas obserred; in casea of this deacrip- 
tiou the knee-jerk, may be excessive. 

The boweJa are usually constipated, and the urine frequently contains 
an excess of phosphates. The functions of the bladder and eeiual 
organs may be quite normal, but in other casea the action of the detmsor 
uriniB is deficient, and the urine is expelled from the bladder lees forciblr 
than in health. A condition of irritable weakness on the part of the 
sexual apparatus is frequently present. 

' The general health ia usually more or less affected; the patient is apt 
to become dull and dejected, and to fancy that he ia suffering from 
organic spinal disease. Sletfp ia unrefreshing, indeed the symptoms are 
often most marked wlien the patient first wakes in the morning. 

Keamsthenia spinalis may be duo to anything which exhausts the 
system as a whole, and the spinal cord in particular. The aexoal habits 
should always be inquired into, for sexual excess seems a common cause 
of the condition. 

Diagnosis. — The diagnosis is, as a rule, easy, and is to be chiefly 
based upon the fact that there is no erideuce of organic disease. The 
observer must of course be guided by the character of the symptoms and 
the general condition of the patient. 

Prognosis. — The prognosis is favorable, but the cure is sometimes 
tedious; here, aa in hysterical paraplegia, and indeed in all cases of func- 
tional derangement of the spinal cord, it is of the utmost importance 
to impress the patient with tlie fact that he is not suffering from organic 

Treatment. — All causes of exhaustion must be carefully guarded 
against, and the general health raised to the highest possible state of 
efficiency. Change of air and scene is to be recommended whenever the 
patient's circurastancea will allow of it; plenty of out-door exerciae in a 
dry, bracing atmosphere, is eminently desirable; electricity (both the 
interrupted and coustant currents) is often highly beneficial. Arsenic, 
iron, quinine, and the compound syrup of phosphates, are tlie drugs 
which have proved most serviceable in my hands. Strychnine is also, 
in some cases, useful, more especially when combined with the mineral 
acidsj in other cases, it has seemed to me to increase the musculsr 
weariness and stiffness which some patients complain ot, and to be pn*-^ 
judicial rather than beneScial. M 



.Sfinal Irritation. 

The term spinal irritation ia applied to a functional derangement of 
the spinal cord, which ia met with in young adults, usually between tto_ 
ages of fifteen and thir^-five, and which in its most pronounced £ 
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is much more common in women than in man. It is characterized more 
particularly by pain in the region of the spinal column, and (usually) by 
tenderness oo presaore orer the vertebral spines and adjacent portions 
of the Bkin. The pain is in many cases of a 'dull aching, sickening' 
character, and is very frequently felt between the shoulder blades; in 
other cases it is referred to the lower dorsal and lumbar regions, and it 
sometimes extends, as an aching, dragging sensation, down the back of 
the thighs along the course of the sciatic nerves. In some eases, the 
area to which the pain is referred is of considerable extent; occikstonal ly 
it is remarkably constant and localized iu position; I have known a dull, 
fixed, boring pain, associated with local tenderness on pressure, occurring 
in a previonsly healthy man, and, as the result proved, of the nature of 
spinal irritation, simulate very closely the pain which is so characteristic 
■of the pressure of an aneurism on the spinal column. 

The h;-per£e3thesia of the akin over the cervical spines is often very 
considerable; in welt marked cases the slightest touch may be sufficient 
to give rise to loud complaints of suffering. 

The motor functions of the cord are not interfered with; and it is 
important to note that there is no evidence of local disease to account 
for the condition. 

The genera! health is often below par; in many of the cases which 
occur in women, the general condition is that which is termed liysteri- 
oal; the uterine and ovarian functions are, in some cases, at fault. In 
some of the most severe cases which I have seen in males, the urine was 
loaded with phosphates, the functions of the stomach seriously impaired, 
the tongue being large, flabby, and indented by the teeth, the bowels 
constipated and pyrosis or other stomach symptoms characteristic of 
atonio dyspepsia present, while the mental condition was that of in- 
tease depression and exhaustion. 

The same conditions which produce neurasthenia spinalis may pro- 
duce spinal irritation; it is important, however, to remember, that in 
many cases the condition is only one raanifeatatiou of a general hysterical 
Btste. 

Diagnosis. — Tlie diagnosis is not as a rule attended by any difficulty; 
it is to be founded upon the fact, that while there is little or no evidence 
of local disease, the subjective sensations experienced by the patient are 
Tery prominent. Marked hypenesthesia over the vertebral spines, irre- 
spective of any evidence of local disease, is very suggestive of spinal irri- 
tation; the age and sex of the patient, the general condition and mental 
temperament; and the presence of a distinct cause of nervous exhaustion 
are also points to which attention must be directed in forming an opinion 
as to the nature of a doubtful case. 

Prognosis and Treatment, — The condition ia often obstinate and 
■difficult to cure, and is apt to recur more than once in the same patient. 
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The same trpatment which has been recommended for ncnrafithenU 
Bpinalia is adviaable in many caaea of 'spinal irritation,' together with 
the local application of connter-irritant and anodyne remedies. In more 
than one very obstinate case I have obtained rL-markahle reeulta from th& 
local application of aconite ointment. Corrigan's button cautery is in 
some caees useful. 

When the patient ia hysterical, the general treatment which is advisr 
able in cases of hysteria must be carried out. 
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CONCCSSION OF THE SPINAL CORD WITH SPECIAL HEFERESCE TO 

SPINAL SyjIPTOMS WHICH EBSCLT PBOM RAILWAY COLLISIONS^ 
AND THE METHOD OF INVE8TIGATIN0 BAILWAT CASES. 

CONCL'SSIOS OF THE SPISAL COED. 

Dfffinitian. — The term concugsion of Ihe spinal cord ahouldi alrictlt/ 
speaking, be limited to those cases in which the functions of the spinal 
cord have been distinctly deranged in consequence of a shock communi- 
cated to it, and in which there is no discoverable lesion in the cord or its 
memhraoes to account for the condition. 

That the functional activity of the gray matter of the nerve centres 
(more especially of the brain) may be temporarily disturbed by vibrations 
or shock communicated from without, independently of any discoverable 
lesion, is theoretically probable; but that permanent and organic disease 
of the Bpiual cord may follow temporary, molecular changes produced in 
this manner is, I think, contrary to what is a priori to he expected, and 
can certainlv, from the very nature of things, never bo proTe<l, for it 
will always be impossible in any case, in which apparent simple concus- 
sion is followed by permaneut organic disease, to bo cortein that some 
structural change (however minute) was not present from the very firet. 

While then I am not prepared to deny the occurrence of simple con- 
cnssion of the spinul cord, I am disposed to doubt — and this is the point 
of practical importance — whether organic disease can or does result from 
it; indeed everything seems to point to the conclusion that in those 
cases in which organic djj-easo of the spiual cord results from external 
violence, the disturbance iu function is from the first associated with 
and dependent upon dsSuita and distinct alterations in structure. In 
those cases — and Mr, Herbert Page's investigations Beem to show that 
they are exceedingly rare^in which an apparent simple concussion is 
followed by nndoubted organic disease of the spinal cord, it is more 
reasonable to suppose that tlio organic changes, which subsequently ap- 
pear, have their starting point (as was proved to have been the case in 
an example reported by Bastian), in extravasations of blood or othiT 
traumatic lesions of the delicately organized gray matter, and in the 
secondary (inflammatory and sclerotic) changes resulting therefroi^^^H 
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than that temporary molecular distnrbance has resiilted in the prodnc- 
tion of a permanent etnictural lesion. 

To tlioGe cases of go-caIl(<<l concussion, in which there are htemor- 
rhagic oitravasatioua either into the snbatauce or on the surface of tho | 
cord, the term confusion of tlie Bpinal cord {rather than concussion) 
onght, strictly speaking, to be given; but since it is impossible to distin- 
^isb simple concuseion of tho spinal cord from concussion with minute 
blood extravasations (/. e,, with contusion), the following dcGnition of 
Professor Erb may probably, for practical purposes, be accepted as 
satirfactorv. Erb includes under tho term conmssion of the spine {or 
rather, I would prefer to say, concussion of Ihe spinal cord) those cases 
in which energetic traumatic influences (falls, blows, collisions, etc.), 
have given rise to severe disturbance of ihe functtoni of tlie cord loithout 
any considerable visible anatomieal changes in the latter. 

Now there is good reason for supposing that undoubted and severe 
disturbances of the spinal functions rarely result from eitemal violence, 
nnlesa considerable, yisible, anatomical changes are preocnt, in fact, 
serious and undoubleil derangement of ihe functions of the spinal cord 
Hs the result of simple concussion (in the sense defined by Erb), ia > 
probably rare. 

But iu order that the subject of concussion of the spinal cord, more 
eapeeially of those cases of so-called concussion which occur after railway 
collisions, msy be thoroughly understood, I shall follow the course 
adopted by Mr. Herbert Page in his remarkable work on Injuries of the 
Spine and Spinal Cord, and shisll consider briefly the effects on the 
spinal column and the contents of the spinal canal (spinal cord, mem- 
branes, and nerve roots) which may result from external violence.' I 
allude more especially to those injuries which result from blows on the 
back, falls, railway collisions, and tbe like, omitting from consideration 
wounds with sharp instruments {stabs, cuts, etc.). 

Looking at the matter from the clinical side, wo may divide cases in 
which spinal symptoms result from traumatic violence into four great 
groups. They are as followe:— 

lat Group. — Cases in which symptoms of acute myelitis m- meningitis, 
or both, or of acute compression of the cord follow immediately upon, 
and are directly due to the accident. 

2d Group, — Cases in which undoubted symptoms of acute myelitis, 
or meningitis, or rapid compression of the oord follow, after a brief 
interval, upon an accident or injury. 

3d Group. — Cases in which chronic organic disease nl the spinal cord 
or its membranes results from traumatic injuries. 



I I would Htrongly advise all my readers to study Mr. Page's work for them- 
selves. I am glad to lake tliia opportunity of saying how mncli 1 am indebted to 
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4th Group. — Cases in which fnnctional derangements of tlie epinj 
cord (which are rery generally associated with and probably i 
citrj^s dependent upon derangements of the cerebral nerve centres), r 
from traumatic causes. 

Let UB consider each of these great groupa in detail. 

6roi/p I. — Cases in which symptoms of ofule myelitic or ant/emet 
pitia, or of acute compression of the cord follow immediatelif upon, 
are directly due to the accident. 

In cases of this description, the symptoms are identical with 
symptoms which characterizu acute myelitis, acute meningitiB. or a 
compression the result of disease (loea of motion and sensation below the 
seat of the injury, paralysis of the bladder and rectum, bed-sorea, eleva- 
tion of temperature, priapism, etc., in the case of acute transverse my« 
litis; pains, spasms, hyperEsstheaia limited to nerve districts correspoi 
ing to the seat of the lesion, followed by sensory and motor paralysis, 
the case of meningitis, and so forth). Cerebral symptoms are, as a rul«,'< 
completely absent unleea the hoad has been injured, am! the symptoma 
of general nervousness, which are ao.prominent in the great majority of 
cases (ft so-called 'concussion of the spine' the result of railway acci- 
dents, are rarely observed. 

In severe cases, the progress is generally rapid, and the termination 
usually fatal. Occasionally even in severe cases the acute symptoms 
subside, and the condition becomes chronic. 

In loss severe cases, the paraplegia, aniesthesia, and other symptoms, 
which appeared immediately after the accident, gradually disappear, the 
patient eventually getting qnito well. Cases of this description 
however, rare. In the rapidly fatal cases, myelitis is, in my experieni 
usually the cause of death; in cases which survive some time and beooi 
chronic, meningitis as well as myelitis, is often present. The injnry 
almost always very severe, and the violence has, in the great majority 
cases, been directly applied to the spinal column. 

Cases included under this group are very rarely met with after 
way accidents. 

In some, and these constitute the great majority of the sererd &i 
rapidly fatal cases, the spinal column is fractured or the vertebra dialo- 
cated. the myelitis, meningitis, or acute compression being due to crash- 
ing or laceration of the cord and its membranes by the displaced vertebne, 
or to the pressure of estravasated blood or inflammatory products. It is 
very important to remember that there may be no displacement of the 
vertebrie or other positive evidence of dislocation or fracture of the ver- 
tebra during life; indeed so frequently is this the case, and ao rarely 
severe cases of this description occur without fracture or dislocation 
the vertebra (I havo expressly omitted from the consideration, 
r'.-.bs. Ptc). that in severe and rapidly fatal cases of acute tram 
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myelitis, or acute traumatic meningitiB (especially of the dorsal or liim- 
biir regions), -a fractjiro or dislocation should always be suspected, evea 
although displacement and crepitus are wanting. 

In other cases, but tliese are more rare, there is no apparent injury 
to the bony canal, In some of these cases, the cord seems to liave been i 
injured by a andden twist or -wrench of the spine; in otherB, the symp- ■ 
toms are probably due to the presaiire of effused blood upon the cord or 
the spinal nerves; in others, there are probably small extravasations of 
blood into the gray matter, or even minute lacerations of the delicately ., 
organized gray tissue. 

But wliile believing that hsemorrhage into the substance of the cord 
or into tht> Bpiual canal ia tlie moat probable leaioii, in cases of andden 
traumatic paraplegia in wiiich there is no lesion of the bony canal, it 
muat be admitted that such oitravaaationa are with difficulty produced, 
and that, as Mr. Page points out, the B|iinal cord is probably the moat 
aecurely protected organ in the body. The most striking illnstratton of 
this fact with which I am acquainted, came under niy observation in the 
oonrae of my pathological work at the Edinburgh Koyal Infirmary a 
short time ago; the leading details of the case were aa followa: — 

J. F., set. 30, was jaiumed between a. railway train and tU« platform on Feb- 
ruary IS, 18S4, and was admitted to Dr. Duncan's Wai-da. Edinburgh, in a state of 
^nfound collapse; lie died some hourB afterwards; on pogt-mortem examination 
a (seal smell was obaerved on opening tlie abdomen; the peritoneal cavity cor- 
tain ed six ounces of fluid blood; the duodenum was completely torn across in tioo 
jrfuces, one of the tearsextended deeply into the mesentery, which was infiltrated 
with blood; the divided enda of the intestine, which were ragged-lookiriK and 
Bwollen.were firmly contracted, and no ftacal matter was present in the cavity of 
the abdomen; there was very slight commencing periionitis; all the other abdom- 
inal organs were healthy; each psoas muscle ums ruptured, the right being com- 
pletely torn across, the lower ruptured end of each psoas muscle was flmly con- 
tracted, and formed a hall just within the brim of the pelvis; the gubevtaneaus tis- 
tiiea and mitsdea of Vie back were exlenaively inJUtraled with blood, but there was 
no external evidence of bruising; the spine was wiinjural; the spinal cord, its 
mrmbrattea and nerves, were absolutely healthy. It is needless to say that the 
spinal cord was most carefully examined. 

(froup 3. — Cases in which undoiibted si/inp/oms of acute mt/eli/is, nr 
meniiigitii', or of rapid compresnion of the curd follow, after a brief inter- 
val, upon an accident or injury. 

In cases of this description, a blow on the back, wrench of the spin e 
or the shock of a railway collision in which such inj'uriea have been re- 
ceived, is followed, after a short but diatinet interval, by undoubted 
aymptouis of organic disease of the spinal cord, such as typical paraple- 
gia with loss of aensihility, paralysis of the sphincters, etc. 

Theao cases are of much rarer occurrence than those of the first group, 
in which the paraplegia and other symptoms follow iwimefiiffW// upon 
the injury. Cases 36 and 37 reported by Mr, Erichsen in his well known 
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work on Concusnion of the Sjiine, and the case reported by Sir. P^e in 
his Injuries of the Spine and Spittal Core/ (page 121) are gaod cx&mplee. 

I must repeat that these cases are rare, and that they are very seldom 
indeed observed after railway collisions. Mr. Piige, witli all his expe- 
rience, has only met with the one case referred to above. 

In these caaea, in which thS symptoms appear within a few honn 
after the accident and rapidly progress, the lesion is probably a slowly 
progressive hemorrhage into the spinal canal, or a small lesion of the 
gray matter, which is the starting point of a more extensive myelitis. 
When, as in Mr. Page's case, the paraplegia is still more gradually de- 
veloped, the lesion is, probably, either a limited meningitia which subse- 
qnently extends to and involves the cord, or (more Hkely I think) a 
limited lesion of the gray matter which slowly extends and becomes more 
diffused. 



Group 3. — Cases in which chronic organic disease of the spinal cord 
or it» membranes renults from traumatic injuries. 

Blows on the back, falls, and other injuries, in which direct violence 
has been applied to the spinal column, aio sometimes the only apparent 
cause of some of the chronic spinal affections which have been deacribetl 
in previous portions of this work. Chronic meningitis and disseminated 
sclerosis may probably bo produced in this manner; locomotor ataxia 
seems occasionally to originate in the same way; but a traumatic origin 
of chronic organic spinal disease is more rare than is generally siipposeil. 
That the receipt; of aloc:il injury often directs attention to symptoms or 
even physical alterations in the bodily conformation, which have been 
glowly and imperceptibly developing for weeks, months, or even years. 
and that in cases of this description the patient very naturally conclndes 
that theinjury was the cause of the affection whi-ili he for the first tii 
perceives, is'of course well known. In every case, therefore, in whiobn 
blow on the back or other traumatic injury seems to have been the cai 
of organic disease of the spinal cord, it is of the greatest importance 
inquire carefully into the history, and to make quite certain that 
disease was not already present before the receipt of the injury. WheiT 
the injury or accident seems to have been the starting-point of the affeo-'^ 
tion, it is also of importance to ascertain whether there wa 
hereditary or acquired tendency to the special disease from which the 
patient is suffering, which being previously latent, was, as it were, aroused 
into activity by the injury. It is well known, for instance, that in par- 
flons who have suffered from syphilis, an accident, an injury, ment^ 
worry, or anything else which seriously impairs and depresses the general 
health, is often followed by an outburst of tertiary symptoms, which pre- 
vio;i5ly had boon entirely absent. So too, when there is a strong hereditary 
tendency to cancer, a local injury is often the exciting cause of the dis- 
ease; it is also extremelv common to find in cases of scrofulous tumor 
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the cerebellum a history of local injury (a blow or fall on the back of the 
head). 

The ordinary types of fhronic diseass of the spinal cord seem very 
rarely to follow the shock of a railway collision, but Mr. Erichson has 
recordetl a series of caaes in some of which (see cases 30, 37, and 48) there 
were undoubted indications of organic disease of the spinal cord (such, 
for instance, as marked diminution in the electrical reactions in one leg, 
localized muscular atrophy, paralysis of the sphincters), 

Mr. Erichaen states — and case 30 is a typical one in point— that there 
may bo no direct injury to the back, that at the time of the accident the 
patient may only have felt shaken but not really hurt, and that the 
paralytic symptoms and other indications of organic disease of the spinal 
cord may not appear for a considerable interval (some weeks or even 
longer) after the receipt of the injury; further, that permanent paralysis 
may remain, and that in some cases the termination is ultimately fatal; 
he states, 'I have known several instances in which concussion of the 
spiue has thus proved fatal some years after the occurrence of the acci- 
dent. And Mr. Gore, of Bath, who has had considerable experience in 
these cases, writes to me in reference to the case related p. 178, that 
this is the third fatal case of which he has had more or less personal 
knowledge, the time from the injury to the occurrence of death varying 
from two-and-a-half to five years. ' 

It must, however, be prominently stated that cases of this description, 
in which there are undoubted indications of organic disease, and not ■ 
merely the subjective symptoms indicative of general nervous shock aud 
functional derangement of the brain and spinal cord, appear to be ex- 
ceedingly rare. Mr. Page, for example, states (p. 117) — 'Before pro- 
ceeding to give examples of undoubted nerve lesion received in collisions, 
let na again direct attention to this fact, which the record of a large 
number of injuries indisputably proves, that cases where there has been 
nnqnesti enable lesion either of central or more peripheral parts of the 
nervous system are few and far between, l^fothing stands out more 
clearly than this in the whole range of our inquiry as to the nature of 
the injuries to the back, which in the present day become the subject of 
medico-legal inquiry, that these lesions are met with only in a few iso 
Uted cases' (p. 118). . . . ' We have not in our possession the notes of 
■ any case of acute traumatic meningitis following railway injury, nor have 
we seen a single case in which we could satisfy ourselves of the presence 
of 'anbacute' or chronic meningitis as the basis of the symptoms which 
are so frequently seen after this shock of railway collision, these symp- 
toms of general nervous shock to which in a coming chapter we shall 
refer in detail' (p. 133). . . . Have the victims of railway collisions, 
jubjected as they must have been to " molecular disturbance," from the 

' ' On Concutiioa of tlte Spine, p. 802. 



very nat of the accidents, have they — iiumhered by thousands since 
railway accidents began — afforded a larger proportion of those degenera- 
tive diseases of the spina! cord whicli have for years engaged the searching 
attention of our jiathologists, than those members of the commnnity who 
have Jiot Buffered the Bjme influences ? There ia no evidence whatever 
that they have' (p. 135). 

The exact pathology of cases, snch as case 30 recorded by Mr. Erich- 
sen, is not definitely known. Mr. Erichsen himself thinka the symp- 
toms are probably due to chronic meningitis and chronic myelitis; per- 
sonally I am disposed to think that chronic myelitis is tho most likely 
pathological condition. If it is admitted, as I think it must bo, that a 
violent concnssinn of the spine may produce minute lesions in the cord 
(such as small extravasations and minute lacerations of the gray matter), 
it is easy to suppose that patches of myelitis may gradually and slowly 
develop at the seat of those lesions. The fact, of which I am quite 
convinced, that multiple c(-rebro-8pinal sclerosis sometimes follows, ami 
seems to be produced by an external injury lends, I think, some prohii- 
bility to this view. I must however repeat, that the cases in wbicli 
chronic myelitis {characterized by undoubted symptoms of organic dis- 
ease) is developed iu this manner as the result of railway collisions, seem 
to be infinitely more rare tlian has hitherto been supposed. The whole 
subject is one which requires much elucidation, and I can conceive of 
none which is butfer fitted for co!lG<;tivo investigation by the British 
Medical Association or which would yield mure valuable results. 1 
would respectfully suggest to the Collective Investigation Oommittev 
that a 'card' should bo drawn up and that it should bo issued as soon as 
possible, for the investigation to bo of real value must nocossariiy extend 
over a period of some years. 

Group i.— Cases in which fuiiciionnl derangements of fhexpinalco d 
(which are very generally associated with, and probably in many cat-t 
depend upon, derangements of the cerebral nerve centres), result frtnn 
traumatic causes. 

These cases are extremely common after railway collisions, but are 
comparatively rare after ordinary accidents or injuries; they constitute, 
in faot, the vast majority of the cases for which the term ' railway spine ' 
has been invented. The chief sjTnptoms which patients complain of 



1. Pains in the back and limbs. — These are present in the 
majority of cases, and are often very prominent; in some, there ia 
tenderness on pressure and liyperEesthesia, 

In some cases, the pains in the back are due to bruising of the 
parts iu the neighborhood of the spine; in others tho sprains of the spiof 
(stretching and twisting nf the spinal ligaments and muscles); in others, 
they seem to be more closely allied to the ' sickening dragging ' paiu3 








the oack and down the course of the sciatic nerves, which are so commoa 
in the spina! nervous weakness (neurasthenia spinalis) and which prob- 
ably depend upon profound nervous exhaustion. 

2. NumbnesB, prickling sensations, feelings of heat and cold, pins and 
uecdles, hypcrffisthesia, anasthesia. 

3. Muscular exhaustion and debility, which are often ascribed to pa- 
ralysis, and functional paralysis. The muscles are usually soft and flabby, 
there is often general, but no( localized, mascular wasting; the reSoxes' 
are either normal or exaggerated; the electrical alterations, if any, are of 
a simple kind (simple diminution), there are no qualitative changes; 
fibrillary twitchings are sometimes present. 

4. Constipation and slight impairment of the expulsive power of 
the bladder are sometimes present; the urine may contain phosphates;' 
loss of sexual appetite and diminution of sexual power are commoiL 
complaints. 

(All of the spinal symptoms just enumerated are met with in purely 
functional derangement of the cord; indeed the cases which we are now! 
idering have, in many particulars, a very close resemblance to neur-< 
lenia spinalis.) 

Headache, sleeplessness, occasional dimness of vision, confusion o 
lought. faiiure of memory, irritability of temper, loss of emotional 
control, inability to concentrate the attention, or to undertake auy con- 
tinuous mental work, irritability of the heart and a teodeucy to palpi- 
tation, mental depression, hopelessness of recovery, dread of paralysis, 
etc. 

3. Loss of appetite, deterioration of tlie general health, loss 
weight. 

I must, however, repeat, that organic diaease of the cord may result 
from the injuries sustained in a railway collision, and that positir& 
of organic disease may ho present in atldition to the symptoms of 
-ional derangements which have, just been described. 
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Diagnosis. — So much uncertainty at present exists with regard to the 
whole subject, that a positive diagnosis of concussion of the spinal cord: 
(in the sense in which it has been defined above, see page 258), is always; 
hazardous. The condition may be suspected when temporary, but well 
marked symptoms of deranged spinal action follow a blow on the back, 
a fall on the feet, or other injury in which a severe shock or jarhasbeett 
communicated to the spinal column, and which has not, so far as can be 
ascertained, dislocated or fractured the spine. The pathology of con- 
cussion of the spinal cord is in short so uncertain that, in the present 
state of knowledge, a diagnosis, which necessarily involvesso rauchthe( 
il speculation, should, in my opinion, rarely be attempted. 
hen, then, well marked derangement of"the functions of the spinai 
follows a blow on the back or other traumatic injury, the practical 



physician must, in many caaea, content liimaelf with endeavoring to de- 
termine: — 

1. Whether the Bymptoms are indicative of organic diaease or of 
functional derangement. 

3, If the symptoms are due to organic disease, what is the exact aitn- 
ation, extent, and nature of the lesion ? 

3. If there are no distinct indications of organic disease,' are the 
symptome {a) due to derangement of the functions of the spinal cord or 
of the cerebral centree, and (6) are they genuine, exaggerated, or fic- 
titious ? 

In order to arrive at a satisfactory concluaion on these points, a 
thorongh acquaintance with both the organic and functional derange- 
ments of the spinal cord, and indeed with the whole subject of nervouB 
diaensc, is necessary. 

In practice, it will, I think, bo found convenient to try and arrange 
individual cases eo far as possible in one or other of the four great p*oiip« 
described above. It must, however, be remembered, that in nature the 
hard and fast linos, which it is necessary to depict for descriptive and 
teaching purposes, are seldom rigidly adhered to. 

In those cases in which there is any reason to suspect exaggeration or 
deception — and this statement applies most forcibly to railway compen- 
sation cases — all the collateral (non-medical) circumstances connected 
vith tho case, such as the whole behavior of the patient, tha amount of 
compensation which he ia claiming, etc., must be taken into account. 
Space does not allow me to go into furtlier details, which will be found 
in previous portions of this work.' 

Prognosis. — Since the diagnosis of concussion of the spinal cord is ho 
uncertain, the prognosis ia necessarily in an unsatisfactory condition. 
The practical physician will, consequently, be wise to ignore the theo- 
retical question as to whether the cas3 is one of simple concussion or not, 
and endeavor to arrii^e at a just prognosis by observing tho exact char- 
acter and severity of the symptoms, and the individual poenliarities of 
each patient, and the collateral (non-medical) considerations of each 
case. His opinion must also bo guided by the general course and ten- 
dency of each group of cases, as determined by his own special eiperi- 
ence and by the published experience of others. 

In order to come to a just concluaion as to the exact nature and sig- 
nificance of tho nervous symptoms which result from railway colUsiona 
ho mnst remember: — 



' It ia only in cases of thio description that a poaitivH diagnosis of 
io the Benae dellaed above, could be attempted. 

'Seepage 132, cfseg., where the general plan of diagnosia is morefulljo 
eidered. Sea also a paper by me on the Differential Diaf-nosis of ParalymB in | 
fourth volume of Brain. 



1. Tliat in the great majority of cases the nervous Bvmptoina are 
iQdrely functional. 

8. That in some cases — and they probahly constitute a very small 
proportion of the whole — there are undoubted signs of organic disease. 

3. That in those cases in whi-^h there are distinct signs of organic 
•disease, the symptoms characteristic of functional derangement (general 
nerronsshoefc) are often at the same time present; in other words, there 
is no sharp line of demarcation between the 3d and ith groups de- 
scribed above. 

While, then, on the one hand, it mast not be rashly and hastily sup- 
posed that, because the symptoms of general nervous sliock are present, 
there is no organic disease; on the other, it must bo remembered, that, 
«ven when well marked indications of organic disease are observed, many 
of the subjective symptoms due to general nervons shock ure usually 
presjnt. In mixed cases of this description, the symptoms dependent 
Titon functional derangemont may be reasonably expected to suhside, 
while the symptoms due to organic disease will probably remain. 

4. That in the majority of cases in which the symptoms are merely 
functional, the patient begins to improve as soon as the worry and men- 
tal anxiety attending litigation cease, and, as a rule, he ultimately gets 
quite well. 

5. That in other cases, in which there are no signs of organic dis- 
ease, hut in which the Bymptoms are merely dae to fiiuctioual disturb- 
ance (general norvoua shock), the patient does not get well. 

In some cases the general nervous shock has probably been so pro- 
found that although it has not prod^iced localized organic disease, it has 
so serionsly deranged the general nervous balance, that the patient, for 
jeara after the accident, is an altered man, unable to enjoy the pleasures 
of life, and unfitted to cope with its difBculties, or even to carry on hia 
ordinary business occupation. It can hardly bo doubted that a shattered 
condition of the nervous system materially affects the general health, 
lowers the resisting power of the patient, and predisposes to various 
affections. It is possible, therefore, to conceive, that a railway collision 
may actiially shorten a patient's life by predisposing to a disease, whicli 
at first sight may appear totally unconnected with the accident. A-s a 
matter of fact, however, cases in which such an event follows are proba- 
bly eseeedingly rare. Again, we know how common it is for fnnctional 
{e. ij., hysterical) paralysis to last for years, and how difficult it is to cure 
anch cases unless the physician is firmly satisfied that there is no organic 
lesion; is it then to be wondered at, that in some cases of functional 
paralysis the result of railway collisions (in which, ho it remembered, 
the patient naturally concludes that the paralysis is organic, and in 
many of which he is confirmed in this opinion by his medical advisers), 
the paralysis should continue for long periods of time after the com- 
peneatiou question has been finally settled ? 
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Treatment. — The treatment of cases, in whicti epinal symptoms fol- 
low traumatic injuries, must be conducted in accordance with the nature 
of tlie lesion whiuh ia supposed to be present. Por details the reader 
must refer to the previons sections of this work. (See the treatment of 
the individual organic and functional affections.) 

In treating cases, in which nervous aymptoma of a functional chnr- 
acter have rcBulteJ from a railway collision, it is essential to remember:— 

Firstly, That it is difficult, and indeed in raauy casea impossible, ti> 
cure functional derangements, unless you succeed in thoroughly convbc- 
ing the patient that the aymptoma arc merely temporary and curable ;' 
and that you cannot expect to succeed in persuading the patient that 
yon can and will cure him, unless you feel perfectly sure of yonr ding- 

Secondli/i That the functional aymptoma, to which I am now referring, 
are largely influenced by 'expectant attention' and by the worries and 
anxieties attending the question of compensation and ita settlement. Im 
order, then, to cure the patient, it ia absolutely essential to get the ques- 
tion of compensation settled. 

The Method of Examining Railioay Cases. — 'Railway cases' differ 
from the great majority of cases which are mot with aftor onlinary acci- 
dents and injuries, in as much as they are usually complicated by the 
question of compensation. Since the persons who are injured may claim 
and be awarded money damages in proportion to the severity of the in- 
jury, the suffering and loaa which it entails, and the permanent ill cffet-;* 
it is likely to leave behind, it seldom, if ever, happens that the symptoms 
are made light of, more frequently there is nnconacioua exaggeration, 
while in some cuses (probably a small proportion of the whole), symp- 
toms are wilfully exaggerated, or even deliberately manufactured, 
(Caaea have been known in which peraons who were not in tiie train at 
all when the collision occurred, have taken to bed and ' ma<lo ' symp- 
toms, with the object of claiming damages from the company.) Now 
because of this tendency to exaggeration and deception, railway com- 
panies, not unnaturally, regard all casea with suspicion. Medical men 
are sent to examiuo the patient and to report to the company. The 
patient aud the patient's doctora, of course, wish to bring additional eri- 
denco in their support. The result is, a series of examinations, at which 
several doctors are present, but at which the difficulties of the case are 
not discussed, aud at which, as a rule, little or no interchange of medicfti 
opinion takes place. Should the patient and the company fail to conw 
to terms, the case goes into court, and a conflict, or apparent conflict, 
of medical evidence very often results. These differences of oplniun are 
Boraetimea very painful; the laity aul lawyers, who are uuacqnuiute.1 
with the diflSculties, distrust the opinion of the doctors, and not uufn.- 

' See the Treatment of Hysterical Paraplegia, page 251. 
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^neatly anspect their good faith. It may, liowevor, I think, be unhositat- 
iDgly affirmed that the vast majority of medical witnesaea who go iuto 
court do soil! perfect good faith; their opinion is aometimea biassed; 
occasionally thyy abandon the neutral ground, which unprejudiced scien- 
tific witnesses ought to occupy, and assume, or rather appear to assume, ' 
the place of partisans, but they are with rare exceptions witnesses of 
truth. How comes it then that those differences of opinion and conflicts 
of medical evidence oecnr ? I propose briefly to mention what appear 
to be the chief causes, and then, before finally leaving tlie subject, to 
detail the manner in which the clinical examination of these most difS- 
■cult caaea is to be conducted.' 

1. Differences as to the facts of the case. — The differences of opinion, 
which arise in ' railway cases,' are much more frequently differences as 
to the conclusions to be drawn from the facts, than differences as 
to the facts themselves. Differences as to the facts do, however, occa- 
sionally occur, and they will doubtless continue so long as the moat 
unsatisfactory method of consultation in railway cases, which is still too 
-often employed, continues to be adopted. Different individuals are, it 
must be remembered, both by nature, and by training and experience, 
Tery differently qualified in the power of observation. Now in the ordi- 
nary consultations of every-day practice, the family doctor affords the 
consniteo all the information in his power with regard to the facts and 
history of the case, and should any difference of opinion arise, either as 
to the facts themselves or the conclusions to be drawn from those facts, 
«uch differences are discussed, the patient is, if necessary, re-examined, 
and an opportunity is afforded for the rectification of any errors which 
may have arisen on one side or the other. But in ' railway casea ' there 
is, as a rule, little or no interchange of medical opinion. Differences as 
to facts, as well as to the conclusions to be derived from the facts, are 
frequently due to this method of procedure, which ought, as Mr. Erichsou 
Buggeata, to be altered. If, for example, the patient's doctora have 
detected any physical alteration, such as differences in measurement, 
temperature, electrical reactions, and the like, and if these differences 
have not been detected by the medical men representing the company, the 
patient's doctor should make known the fact, and give the railway doc- 
tors an opportunity of confirming or rejecting it; in short, the question 
flhould then and there be investigated, and, if both aides are satisfled as 
to the manner in which the observation has been made, they should 
agree to abide by the result. In this connection it may be well to point 
out, that conflicting opinions are sometimes dne to the fact that deli- 
cate clinical tests, such, for example, as the electrical testing of muscles 

' The reader is recommended to atud^ the admirable remarks of Mr. Encheen 
an this point (ConcuBeion. of the Spine, Lecture xii.), to which X am indebted for 
Btaiaj of the following particulars. 
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and nerves, which, to be reliable, require the most acmpnlons care ol a 
akillcd and experienced observer, are Bometimea employed by medical 
witnesses, who are unqnalified to use them Batisfactorily, or to draw cor- 
rect conclnaiona from the faota observed. In this way errors both a to 
• fact and opinion may very easily arise. Nor should the ))atient's doc- 
tors, in ray opinion, silently acquiesce (as under the present system they 
are sometimes apt to do) in statements made by the patient, which they 
know to bo exaggerated. They onght to see that the company's doctors 
are correctly and soberly informed as to any facta which have come 
under their own personal observation. Further, it is highly desirable — 
and in most cases it can be satisfactorily accomplished without prejudice 
either to the interests of the patient or the company — to consult not 
merely as to the facts, but as to the conclusions to be derived from the 
facts. If this were the regular method of procedure, and if, as Mr. 
Erichsen has suggested, a conjoint report were drawn np and signed by 
the two opposing sets of doctors, an immense advance in the method of 
conducting these cases would be made. Mr. Erichsen's anggestions on 
this point arc so importaut, that I make no apology for quoting them in 
fuIL He says— 

'Tbe conflict oF medical evidence often ariae^ ia consequence of awaut^r 
proper understanding between the medical men engaged on the opposite sidfra o! 
tha case. Ah matters are now arranged, there is. as I have already shown, no 
'consultation,' in the proper sense of the word, between them. The Burgeon of 
tbe companf examines, it is true, the plaintiff before, and in the presence of his 
(the plaintiff's) own medical men ; but there is no after-discussion of the case, d>> 
attempt, as in an ordinary consultation, to reconcile discordant views, and to come 
to a combined opinion on the case. Neither party knows the exact views of IliH 
other on anj point, or on the value of any one symptom, until they are Jieaid in 
court. This is a great evil, and might be corrected by the surgeons on the twci 
sides meeting aa ordinary conaultajits discussing the caae together, and, U possi- 
ble, drawing up and signing a conjoint report. If such a report could be ob- 
tained, it might be handed in for the guidance of the judge and counsel, and the 
strictly medical part of the cose would be much simplified. In fact, it would lie 
disposed of if all parties concerned had substantially ^reed before tbe trial us to 
the nature, extent, and probable duration of the plaintiff's injtiriesand their con- 
sequences, the tripod on which the medical question always rests. In the event 
of there being such discrepancy of opinion that an agreement could not be come to 
on any or all of these points, the judge should appoint at least two surgeons of 
known character and of recognized skill in the particular class of injury nDtI«r 
consideration, to draw up a report upon the plaintiff's past and present condition 
and future prospects. This report woiUd serve to guide the court in coming to 
an opinion on the purely surgical part of the case, and afford it that infonnatiuo 
which men who admittedly know little of a subject, on which they are to dodile 
must necessarily be supposed to wish to obtain. Tlie experts or assessors who 
draw up this report should be appointed by tbe court, and not by the litigants. 
Their position would consequently be an independent one. They could not be 
accused of unworthy motivas. They could not i>e calumniated, and their evidence 
would not be disparaged by groundless charges of partisanship. 
' The report of such surgical assessors would neceesarily be final 
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scarcely be auocesstuUy disputed by those medical witnesaaa from whose codcIu- 
aiooB it differed. Henc« it would be ot piira mount importaiice that none should 
be selected for such an important post as lliat of asHeasor who was not recognised 
as possessing not only a. sound general knowledge of surgery, but such Bpect;ii 
eiperience in the diseases resulting from injuries of the cord and brain, as to ren- 
der hiaopinion worthy of all consideration in the eyes of his professional brethren. 
Such a plan would not interfere with the present roachinery of the courts. The 
case would continue to be tried in the ordinary common law courts, befor a. jury 
who would decide on all its facts. Their judgment, and tliat of the court, would 
be guided in all matters of scientific opinion either by a conjoint surgical report, 
or. if that caniiot be arrived at, by the written statement of competent surgical 
Bssetisors, wh^, having had free access to the plaintiff and to the medical reports 
on both sides, could arrive at a definite and unbiassed conclusion as to the nature, 
extent, and proliable duration of his injuries and their consequences. It would, 
I venture to submit, be in the highest degree advantageous to the medical aa 
well aa to the legal profession. The great inconvenience of the system c)( indis- 
criminately subpoenaing medical practitioners who are but little concerned in the 
case would be stopped : conflict of medical evidence would no longer occur. En- 
gendered aa it is partly by the want of proper imderatandlDg between the medical 
witnesses, and greatly encouraged by the want of due scientific knowledge on the 
part of the court, it would not survive the necessity of both parties either making 
a conjoint report or submitting their differences of opinion to the arbitrament of 
skilled surgical assessors selected by the court. And, lastly, the ends of justice 
would be attained with more certainty than they often are under the present sys- 



2. Differences as to the significance of the facta, and as to the 
conclusions to be drawn from the facts. 

That differences of thia description are of frequent occurrence shonld 
not enrpriae the mediciil man, however Rurioiis and suspicious they may 
appear to the lawyer and layman. It must bo remembered, that in ordi- 
nary private practice there is no more difficult question in the whole 
range of medicine than to determine in some cases what is and what 
ie not organic disease of the nervous system ; the most experi- 
enced neurologists sometimes have difficulty in forming an opinion on 
this point. Xov, if difHcultics in diagnosis and differences of opinion 
arise in privato practice, in other words, in cases in which the statements 
of the patient as to subjective senaationa may generally be relied upon, 
how much more likely are differences to occur ia 'railway cases,' in many 
of which the symptoms are, in whole or in great part, subjective, and in 
which there is often much exaggeration, and occasionally downright de- 
ceit. 

Another reason for these differences of opinion is, that the mind of 
the profession is not made up as to the exact signiScance of many of the 
symptoms which charactorizo cases of this description. 

Again, under the pressure of couusei, medical witnesses arc sometimee 
induoed to give more dogmatic opinions than the facts of the case war- 

' Concas«on of the Spine, page 334, ef seq. 



METHOD OF EXAUININO ' HAILWAT OABKB. 

rant : or to give opinions on queBtione with which they are not specialW 
familiar. A physician, for example, may be pressed to give an opinion 
on a qnestion which is surgical rather than medical, and vice rersa.' 

Then again, in many coeea the phydciaii or surgeon who is called in 
as an expert (and the statement applies perhaps with greater force to the 
■experts sent by the company than those called in by the patient), has 
only one o[)porttinity of seeing the patient, and, as the resnlt of one 
examination he is expected to pronounce a decided opinion on the ease. 
Doubtless in private, and also in railway practice, one thorough examin- 
ation should usually be sufficient to enable a consultant to form an 
opinion ; bnt cases do every now and then occur, in which tlie most 
competent practitioner withholds his opinion until he has had farther 
opportunities of studying and watching the case ; and there are no eases 
in which such opportunity of further observation is more necessary than 
in some of those in which a diEferential diagnosis of functional or organic 
disease of the nervous system has to be made. 

Speaking generally, the metJmd of case taking which is to be/ollowni 
in the examination of railway cases is the same as that which we arc in 
the habit of employing in ordinary private or hospital practice. There 
arc, however, certain differences in detail, which it ia neoesisary to 
remember and observe. 

The examination must be very full and elaborate, and very careful 
and accurate notes must be taken of each fact as it is elicited. This 
necessitates a very prolonged examination — and I may observe in pa^ng, 
that the series of lengthy examinations, which railway jMitienta have to 
go through, cannot fail, in some instances, to exert a prejudicial eSect 
upon their condition. 

An exact description must be obtained from the patient— and it 
often requires a good deal of skilful cross-examination to elicit all the 
particulars — of the accident (the exact manner in which he was hart, 
the sensations which he experienced at the time, the effects which imme- 
diately followed, the manner in which he was able to conduct himself 
immediately afterwards); the symptoms which he experienced, and the 
treatment which he found it necessary to adopt during the acute stage of 
the illness, i'. p., during the first one or two weeks after the accident; the 
mode of development of the after symptoms, and the whole subsequent 
progress of the case up to the date of the examination. 

The patient's private medical attendant should next detail the faotfl 
which he himself observed when the patient came under his care, the 

' Thia statement is of course gensral. There are probably some phyeicians wbo 
are able to give good opinions on surgical questiooa, and there are certainly sur- 
geons who are well qualified to give opinions on medical eubjeote. But, speaking 
generally, the same rule, which in private sends medical cases to the phyaieisa 
and surgical cases to the surgeon, should be followed in railway practice. 
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■course of treatment which was adopted, and the 'subsequent medical his- 
tory of the case. 

It is also of the greatest importance to ascertain, both from the pa- 
tient himself, his friends, and his medical adviser, the exact condition 
of health before the accident ; for, as has been previously pointed out, 
patients are very apt to attribute to an accident or injury, diseased con- 
ditions, which were previously present, but which had not been previouuly 
observed. 

It is especially important to endeavor to arrive at a just estimate of 
the patient's ordinary nerve tone and nerve balance. The nerve tone 
and nerve balance of his near relatives should also be carefully inquired 
into, for, as we all know, a tendency to nervous disturbance is much 
stronger in some families than in others. 

Having completed the inquiry into the history of the ease, the condi- 
tion of the patient at the time of the esamination must be carefully and 
fully investigated. Care must be taken to describe the facts in the sim- 
plest language, and to avoid any terms which imply theories aa to the 
facts ; a patient, for example, may state that he is unable to move his 
legs; such a condition maybe due either to the fact that he will not 
(does not choose to) put the muscles into action, or to paralysis; the hare 
fact that the patient says he cannot move the limbs should be noted; 
whether the inability depends upon paralysis, and whether that paralysis 
depends upon organic disease or mere functional disturbance, are conclu- 
sions which, in many cases, cannot bo correctly determined until all the 
facts and circnmstaoces of the case have been taken into careful consid- 
«ration. 

In forming a judgment as to the exact value of the symptoms, it 
must he remembered, that railway cases are usually complicated by the 
question of money compensation, and that in many cases there is uncon- 
scious exaggeration, and in some, wilful exaggeration and deception. 
Subjective symptoms ^erae should always be viewed with suspicion, and 
should be valued according to the character and reliability of the patient, 
his general behavior, the amount of damages which he is claiming, and 
the whole collateral (non-medical) facta of the case. On the other hand, 
more importance (relatively to tlie subjective symptoms) should be at- 
tftcbed to objective signs of disease than in private or hospital practice. 
Care must, however, be taken not to give too much weight to slight 
objective alterations (such, for example, as slight differences in tempera- 
ture on the two sides of the body), more especially when other positive 
signs of organic disease are wanting. As I have previously insisted upon, 
no importance should be attached to slight objective differences obtained 
by instrumental means, such as electricity, unless they have been elicited 
by an observer whose capabilities of observation are beyond suspicion. 
Any anomalous symptoms or complaints, which seem to be out of harmony 
with- the other facts of the case, should be allowed due weight, and 
)8 
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sliould be prominently 'noted in the report. Above all things, the 
medical expert should endeavor to forget that he is called by this side or 
by that ; after having carefully and conscientiously elicited all the facts, 
he should endeavor to form an unprejudiced judgment, and to take into 
account the probabilities both for and against the patient. He is sworn, 
be it remembered, when in court, to speak the tnith, the whole truth, and 
nothing but the truth. 
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FSEUDO-HYPERTROPIUC PARALYSIS.^ 

This affection rcBembles progressive muscular atrophy inasmnch b 
certain muscles undergo slow aiul gruidual atrophy ; and motor weakness, { 
corresponding in degree to tlie amount of muscular tissue destroyed, i» | 
gradually developed. It differs from progressive muscular alropky (1) J 
in the fact tliat it is essentially a diseaseof early life ; (3) in the order of 4 
development of the symptoms — the atrophy commoncing in the muscles 
of the lower extremity, and showing no tendency to invade the small 
muscles of the hand, which are almost constantly involved in progressive 
muscular atrophy ; and (3) in the cii\:umstance that some of the affected 
muscles become increased in size. This increase is not a true hypertrophy, 
but depends upon an increase of the interstitial fibrous tissue and fat, 
hence the name pseudo -hypertrophic paralysis which has been given to i 
the affection. 

Pathology. — The question has been much debated whether pseudo- 
hypertrophic panilysis is due to a spinal lesion or to a local affection of the 
muscles. Analogy seems in favor of a spinal origin, but several trust- 
worthy observers have found the cord quite healthy. Thus, Charcot, 
Cohnheim, Boss, and G. 8. Middleton, have found the cord perfectly i 
sound. Gowers and Drummond observed alterations in the gray matter; 
in the case examined by Dra. Gowers and Lockhart Clarke, 'changes ' 
were scattered throughout the entire length of the cord, the moat exten- 
sive lesion being found in the lowest part of the dorsal region, where in I 
each lateral gray substance was au area of disintegration, amounting to 
an actual cavity outside each posterior vesicular column, which, with the 
caput comu posterioris, and anterior cornu, was undamaged.'' In the ' 
case reported by Drummond' the gray matter of the anterior horn, at its 
junction with the posterior cornu and in its lateral part, was softened and 



' This affection is not included in the text, for rec«at obaervatious seem 
that in it the spinal cord may be perfectly healthy. 
' Pseudo- Hyperirophia Pamlyals, page Mi. 
'Lancet, Oct. 15, 1&81. p. 661. 
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disintegrated, so that a carity was formed in the centre of the cord ; this 
cavity, which had no proper cyst waU, wa3 of large size in the lumlmr 
enlargement, where it caused the coi'd to bulge out laterally, unJ 
extended through the dorsal and cervical regions ; ' with a high power 
{i inch), minute disintegration could be traced through the lateral gray 
network of both sides, the degenerative appearances being most coaspic- 
nona around the blood-vessels '; the nerve cells of the anterior horn were 
both numerous and healthy. In describing these appearances. Dr. 
Drummond cautiously aays, ' I do not mean to assert confidently that 
this lateral disintegration or tearing was of pathological significance ; it 
may have been due to the manipulation, but I am inclined to think 
otherwise.' 

In a case which occnrred in the practice of Dr. Milner Moore, of 
Coventry,' and the cord from which, through his kindness, I had an 
opportunity of e.tamining, changes of a somewhat similar nature to those 
described by Druramond were found. The result of the examination was 
as follows : — 

The naked ei/e examUtation of the spinal cord. — The membranes 
were healthy. In the middle of the cervical enlargement the lateml 
column of the right side was misshaped by a projection or ont-growth. 
which measured from above downwards a little more than half an inch. 
The surface of the projecting imasa, at its most prominent point, was 
irregular and disintegrated, and exactly resembled nervoua tissue in a 
state of softening. The tip of the filum terminale was swollen, and pre- 
sented the same ragged, disintegrated appearance. 

On cutting across the cord at the level of the bulging (the cord had 
been for several weeks in a four per cent solution of bichromate of am- 
raonium before I received it) the irregularity of the lateral column was 
rendered very evident, and in the lower part of the cervical region a 
distinct fissure was seen on each side of ttie cord in the central part <^| 
the gray matter. j^| 

Microscopical examination of the cervical region siiowei: — ^| 

1. A curiOHK alteration in the shape of the right lateral half of the 
cord, and in the arrangement of its gray nailer which reached its highest 
degree of development in the middle of the cervical enlargement (see fig. 
05, page 74). In that section the central gray matter is seen to Iw split 
up by a band of white matter (a), which is continuous with the white 
matter of the posterior column, and by a fissure, which extends from the 
surface of the posterior column deep down into the gray matter of the 
anterior horn. (The size of tliis fissure was mnch increased in the pro- 
cess of mounting.) 

A narrow wedge-shaped moss (see figs. C5 and 66) is detached from 
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the maiu portion of the gray matter, and runs right out to the surface of 
the cord, and into the projecting portion of the lateral column. 

In the section shown in fitfure 65. the doCteii line represents a portion of the 
proJBCtmg mass which was detached in the pi'oceas ut mounting. (The actual 
size of the projection was, however, conai Jerably larger than the dotted line indi- 
cates, for a portion of it was detached before the apecimen was placed in the 
microtome.) In figure 87 the relative positions of the cord and the oulgrvwth from 
the lateral column are seen. 

At the npper level of the out-growth from the lateral column (see 

fig. KJT), the gray matter iaof normal shape, the detached wedge-shaped 
portion having disappeared; the projection from the lateral column is 
composed of a central gray nncloiiB containing nnmeroiis dilated blood- 
vessels and some nerve cells, and of an external layer of white matter, the 
nerve tubes being concentrically grouped round the central gray mass, 
and running horizontally and not vertically, as the fibres of the lateral 
colnmn normally do. 

At the lower part of the cervical enlargement, the out-growth from 
the lateral column has disappeared, but the gray matter on the right aide 
is still split up by a hand of white matter (see fig. 167) which passes into 
it from the posterior column. 

This peculiar alteration in the shape of the gray matter, and the out- 
growth from the lateral column were probably, I think, congenital mal- 
formations; whether they had anything to do with the production of the 
disease is very doubtful; it is. however, important to remember that a 
very similar out-growth from the lateral column was present in Dr. Tlnim- 
mond's case; it ia therefore probable that in pseudo- hypertrophic paraly- 
sis there is a tendency to congenital malformations in the arrangemouts 
of the gray matter and in the shape of the cord. 

2. Collections of leucocytes and pntrhes of inflainmatorr/ xof toning 
around the blood-vessels. — Collections of leucocytes (see figs. 168 and 
169) were scattered throughout the gray matter in the cervical region, 
they were especially largo and numerous in the district of the median 
branch of the cent ml artery. The nervous elements, around some of 
the most recent estravasations, exhibited evidence of inflammatory irri- 
tation, the axis-cylinder processes being hypertrophied, the cellular ele- 
ments extremely numerous, and the nerve cells themselves, every hero 
and there, enlarged. In those parts of the gray mitter in which the ex- 
travasations were extensive, the nervous elements were entirely destroyed. 
Collections of lencocytes were occasionally also seen around the blood- 
Tessels in the white columns. 

3. That in the lower part of the cervical enlargement the gray matter 
on both sides of the cord teas lacerated and fissur,ed. The examination 
of numerous sections has convinced me that this appearance was proba- 
bly produced daring the procjsj of hardening. The primary lesion in 



this case vas, I beliore, tho extruvasution of leucocytes and the snlue- 
quent occnrreDce of patches of iDfiummutorj softening around the blood- 
vesaola; during the hardeuing process these softened patches gave way, 
and fissures were in this manner produced. The position of the fissure 
is, I think, espiained by tho fiuit that numerous l:irge srteriea pass 
througli tho centra] part of the gray matter, and that the estrariisatioas 
of leucocytes and patchesof softening reach their highest degree of devel- 
opment around these large vessels. 

The uerve cells iu the cervical, dorsjtl, and lumbar regions, were 
numerous and prominent; some of them appeared to be bypertrophied. 

TJia dorsal region of the cord was normally shaped; on miscroscopic 
eiamination a few small collections of leucocytes were seen in the gray 
matter. The blood-vosselu throughout the dorsal region, and indeed 
throughout all parts of the cord, were extremely numerous and abn^v 
mally dilated. ^^^| 




The lumbar region of tho cord was normally shaped, and presented 
the same dilatation of the bloo<l-Tessels and collections of leucocytes, 
though to a loss degree, as were fonnd in the dorsal region. The aacraJ 
portion of the cord was softened and infiltrated througfaoat with a dense 
collection of Imieocytes. 

The examinaHoa of the heart. — In the wall of the left ventride, 
numerous dcgenerstofl patches could be seen with the naked eye, and on 
microscopical examination they were found to consist of wavy bundles 
of connective tissue. The atrophy of the muscular fibres did not «p- 
IK'ar to be a simple one, such as is descrihpd by Dr. Gowers; many of the 
mnsoular fibres were swollen, and filled with minnte fatty grannlee; their 
neuclei were in places, prominent; some of them were extremely ntro- 
phied, and in places seemed to be transformed into wstj bandies of 
connective tissno. 





Section fftrouiA (A' Itft ventricle o/ Iht heart in a cote of Pteudo-liyperlrophie I^ratntit. 
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In this c^Bo very striking alterations were fonnil in the spinal cord; 
and the fact that three independent observers liave found very similar . 
■changes seems to show tliat the lesion ia by no means an accidental one. 
It ia probable, I think, that the same changes will again be found in ad- 
vanced cases of the disease. These casea do not, however, prove con- 
^Ivaiveli/ that jiseudo-hypertrophic paralyeia ia, from Ike first, a disease 
■of the spinal cord, and not a primary affection of the muscles, in fact, 
the extravasations of leucocytes and localized softenings were prohably 
woondary, for, us I have previously remarked, it ia impossible to ignore 
the fact that in many cases the cord has been fonnd to be quite healthy. 

7%e condition of the vmsclea. — The affected mascles usually undergo 
umple atrophy; the interstitial connective tissue is largely developed; fut 
cells are deposited between the muscular fibres. The increased size of 
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ihe muBclea is due to the increase of these interstitial products; the 
Atrophy of the mnscular fibres seems in great part secondary, and it 
probably depends upon the pressure of the interstitial fibrous tissue and 
lat.' The changes in the mnaclo are shown in figures ITO, 1T3. and 174. 
Etiology. — Psendo-hj-pertrophic paralysis is essentially a disease of 
■early life. The great majority of cases commence before the tenth year.' 

■ In ail organs an increase in the Interstitial connective tissue is followed by 
■trophy of the parenchyma (the proper eleroenta) of the organ. The most striking 
illustration of this pathological fact is the atrophy of tlip liver cells, which occurs 
in cirrhosis of that or^an. 

" Tho date of th<i earliest symptoms is given,' says Dr. Oowers, ' in the retorda 



Boys are much more frequently afiected thau girls. I)i a considerable 

number of cases the di-sease is hereditary, and ;t preseuts the remarkable 
peculiarity that, while the females of a family Buffer much less frequently 
than the males, the disease is almost exclusively transmitted through the 
female line. The explanation of this circumstance is to he fouud in the 
fact that female,! are rarely affected, and that in males the condition 
uommouly leads to death soon after the time of puberty. The causee of 
the condition, with the exception of the hereditary tendency, which is 
. present ia many cases, are unknovm. Dr. Gowcrs thinks the disease les-i 
common amongst the poor than amongst those in better circumstanci-. 
In eome cases, au acute febrile attack, such as measles or scarlet fever, 
seems to arouse the latent tendency into activity, 

OsaET, Symptoms, .vsd Course. — The commencement is very 
gradual. The first symptom is weakness and angteadiness in the lower 
estremities. The child appears to bit clumsy, and frequently stumbles 
or falls. This motor weakness in the lower extremities gradually be- 
comes greater, and the characteristic attitudes and gait are dev-elopod. 

The altitudi: — The patient stands with his feet wide wide apart {see 
fig. 175), so as to enlarge his base of support as much as possible. The 
heels are usually drawn up as the result of retraction of the tendo 
Achillis. The back is strongly curved backwards, and in many extreme 
cases, OS Ducheuue pointed out, a vertical line from the middle of the 
slioutders falls behind the sttcrnm. 'I'he hands are extended by the sides, 
and are used to balance the body. The attitude is a very striking one; 
and it is remarkable that the upright position can be maintained at all; 
■ it shows the extraordinary power of balance and adjustment that can bo 
obtained under very unfavorable circnrastances. Although the patient 
can strtud and maintain hia equilibrium so long as he is undisturljed, he 
is extremely insecure, the slightest touch in any direction being sufficient 
to throw him down. 



The snt«ro-poeterior curvature, which is auch a striking feature when the pa- 
tient Btanda up, entirelj diaappeara when be assumes the sltling position. Du- 
chennQ ascribed the curvature of the spine to weakness of the spinaJ exIeD.iar 
muHcles. Dr. Gowers thinks it doubtful whether the lordosis' is mainly due to 
tJiis cauBo. 'Weakness of these muscles may,' ha says, 'as Duchenne showed, 
cause the shoulders to be carried far back, so as to briiiR the centre of gravity of 
the up[)er part of Ihn trunk as far back as passible; but, according to his descri))- 

of 139 cases^ISS males and 16 females. In one-half of the male cases, the disi'aae 
commenced liefore the aiJCth year, and in 103, or about 75 per cent, before the 
tenth year. On the other hand, of 16 cases in girls, in one only did the first man- 
ifeatation of the diseasecoincide with the first walking; in only three cases did it 
commence before the eiitli year, and in only nine cases before the tenth year. 
Thus the disease begins iii or after the tenlli year in only 25 per cent of the males, 
hut in BO per cent of the femalea who suiler {xoxa.it.'—Pmni<lo-hjipertroph\c Par- 



aiynn, p. 26. 
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tion, the Incliiwtioa backwards from this cause starts from the pelvui, which is 
nwre extended on the thigh-bones than normal. But in paeudo-hypertrophlo 
fKnlyeia, in the erect posture, in which posture alone the lordoaiH Is observed, I 
have found chat the peMs is much lees exteuded, its inclination forwards Is much 
greater than normal. This inclination is probably dua to the weakness of the 
extensors of the hip, and the lordosis is apparently coonected with it, since the 
lowest lumbar vertebne share the direction of the sacrum, theweight of the abdo- 
men falls uodulf forwards, and a compensatory backward inclination of the 
dorsal spine is a necessary to keep the centre of gravity in the nornul position.' — 
Paeudo-hypertrqphic Faratyais, page 81. 




The Gait. — Tlie patient stands in the position described above; the 
gait is ' waddling,' the body oscillates from side to side; there is an evi- 
dent difficulty in fleiing the thigh on the abdomen, and in projecting 
the foot forwards. At each step tho foot is raised, but the movement in 
advance is Email. 

According to Duchenne, the peculiar gait is due to weakness of the gluteus 
medius muscle. ' This muscle normally,' eaya Dr. Qowers, ' counteracts the ten- 
dency of the pelvis at each step to incline towards the leg, which is off the 
ground; and if the muscle is weak, the weight of the body has to be thrown 
further over the supporting leg than in health, and hence the oscillating gait.' ' 
Dr. Ross differs from this opinion, and thinks that the oecillation in walking, 
instead of being caused by pw^ysia of the gluteus medlua is necessarily effected 
by contraction of the muscle.' 

' Fieudo-hjfpertrophio Jbrolysis, pi^e 31. 

* Dimtuet of the Nervous Sgstem, page 189. 
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Another remarkable peculiarity, which results from the mtiacalar 
weakness, is the fact that tlie patient has great difficulty in riBing from 
thn rGcumbent or Bitting position. Indeed iu advanced cases he may not 
be able to raise himself at all. Even iu the earlier stages he makes use 
■of hia arms, catching hold of chairs or other pieces of furniture, and 
dragging np hia body by means of the upper extremities. When he fa 
nothing to take hold of, he goes through the series of movements ropiWiV 
sented in fig. 176, which ia taken from Dr. Gowers' able lecture ou tfaefl 
subject. The nature of the movements will be readily perceived fros'l 




The nllilvdeg ahich palitnle tcilh Piewlo-hgpertropkic Parali/ns auums in aritinn frmn On 



the following description of a case which I have reported in the Lancet;' 
' the patient has the greatest difficulty in rising from the recumbent 
position; if laid, for example, on bia back ou the floor, and told to riae, 
he would first with great difficulty turn on to his face; be would next 
get on to his knees, the head being almost betweeu the thighs; from tlm 
position he would gradually extend himself and asaume the poaitioD 
shown in fig. 171; finally, he would extend the hip-joiiit by grasping 
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the thigh with the hand, and pushing up the body, 



; it were, by the 



The peculiar manner in which the patient 'climbB up his thighs' is 
very characteristic, though it is not pathognomonic\ I have seen the 
Bame action in a case of rickets, and in that of a woman with a diseased 
(malacosteal) pelvis. 

B; placing tlie hands on the knees the patient is able b; the force of the ami 
to aid the extenaioD of the leg on the thigh, i. e., to straigliteu the knee; and b^ 
climbing up the thighs he helps the extension of the hip- joint, as I have already 
deacribed. 



Should tho patient come under observation at an early period of the 




Flo. in. 

I'KTulo-hvperlrophic Parali/iU, {Afict tJoioeri.) 

-disease, the calf musclea will probably be found to be large and firm; they 
etund out prominently, and appear to be in a permanent condition of 
contraction. But notwithstanding this apparent hypertrophy, their 
motor force is very distinctly weakened. The amount of contraction, 



Fia.lT8. 
!*«*■• (rocar. 

too, which can be produced by a powerful faradio current la below the 
normal. The reflex movements of the affected muscles are in the earlier 
stages diminished, and at a later period, abolished. If a small portion 
of muscle is withdrawn by means of Ducheune's, or, better still, by 
Leech's trocar (see fig. 178). the increase of the interetitial fibrous tissue 
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and tile atrophy of the muscular fibres can be demonBtrated daring life. 
Daring the active period of the disease, i. e., while the production of the 
interstitial connectivo tissue is rupidly progressing, the temperature of 
the affected parts may be above the normal,' 

In the course of time other muscles become involved, and ultimately 
almost all the striped muscles of the body, including the heart, may be- 
come affected, it ia seldom, however, that all the raaacles become 
hypertrophied, as represented in figs. 179, 180, 181, which arc copied 
from Dnchenne (see page 335), As a rale, the enlargement is limited tu 
afewmaBcles; the calves and buttocks being most frequently enlarged 





PKudu-hj/perlrophlc pa.iilutii. tliuwing rnlarffrmrnl of tlie ailvri and 

(sec figs. 182 and 183), while others are atrophied, the latissimus dorsi 
and the Btemo-coatal portion of the pectoralis major are, according to 
Dr. Gowers, very frequently wasted, a fact which he considers of coneiJ- 

' la the case reported by me in the Lancet, the temperature 
were as follows: — 

Right calf 

Left calf. 98,8' F. 

Aiilla 98.5' F. 

Whereas in healthy boys 1 3iave never tnuml Iho surface temperature of tlwrt 
H high as that of the axilla. 
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arable dia^ostlc value, since it often occara in cases which are other- 
wise nntypical. The cirrhosis of the calf muscles usually produces a 
condition of talipes cquinus, and the patient is unable to stand with his 
heels on the ground {see fig, 175). 

Th» sensory functions of the skin are usually quite normal. The 
functions of the bladder and rectum are seldom interfered with, but 
occasionally a temporary condition of incontinence of urine occurs to- 
wards the termination of the case. The intellectual facuHiea and other 
cerebral functions are in some cases perfectly natural; in others, the 
mental faculties arc imperfectly developed; occasionally the patient is 
quite idiotic. 

The duration of the disease varies in different cases, but it" is gener- 
ally very chronic. Cases which develop soon after birth, seem to run a 
more rapid course than those in which the development is later — a cir- 
cumstance which is explained by the fact, that the tendency to the 
disease is bom with the individual; and that the stronger the latent 
((. 0., congenital) tendency, the e.irlier does the active manifestation of 
it appear, and the more severe and rapid is the course. The disease 
usually appears earlier and runs a more rapid course in boys than i» 
girls. Death may be due to simple exhaustion, but generally results 
from some complication, such as bronchitis or pneumonia. 

DuGSOsia. — In typical cases the clinical picture is so very striking 
that tlie diagnosis is at once evident to any one who has seen a case 
before. The attitude and gait are pathognomonic; the peculiar manner 
in which the patient raises himself by climbing up his thighs, though 
not absolutely distinctive, is highly characteristic. The facts, that cer- 
tain muscles, more especially those of the calves, are apparently increased 
in size, while their motor power is diminished, and that other muscles 
are atrophied; together with the age and ses of the patient, are of the 
strongest diagnostic value. Dr. Gnwers ' tliiuks the atrophy of the latis- 
simuB and lower portion of the pectoralis major scarcely less signifi- 
cant, in a diagnostic point of view, than the condition of the calves. 



I Pbosnosis. — The prognosis is very unfavorable. Almost all cases 

terminate sooner or later, in deatli. The earlier the development, the 
more rapid the course, and hence the worse the prognosis. As I have 
previously mentioned, males are usually attacked more severely than 
females. 

Treatment. — The treatment, which has been hitherto employed, has 
been of little avail. The general health must be carefully attended to; 
the patient should have plenty of fresh air and good nourishing diet: 

' Pteudo-hj/pertrophic Paralysis, paRe 50, 
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general tonics may be given. The nutritive condition of the affected 
muscles mast be maintained in the highest possible state of efficiency, 
systematic muscular exercise^ and the application of the faradic current 
to the muscles^ are the means to be employed. Duchenne states, that be 
cured two cases by the interrupted current, but other observers have 
not been equally fortunate. * 

Dr. Gowers points out, that when, from any cause, the patient ceases 
to walk, the weakness in the muscles rapidly increases; contractures and 
deformities must, therefore, be prevented by passive exercise, and, if 
necessary, by section of the tendons; mechanical appliances and sup- 
ports which sometimes enable the patient to move about longer than he 
would otherwise do, and should therefore be employed. The patient 
must be carefully guarded against cold and exposure, for, as in all chronic 
spinal diseases, the end is often due to some intercurrent pulmonary 
affection. Arsenic seems to have been of use in some cases (Dr. Meryon), 
and phosphorus is, according to Dr. Gowers, sometimes beneficial; but 
drug treatment is, as a rule, of little avail. 
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J 6P1NAL CORD. 



Dr. Btrom Bbamwell will bo obliged to any of his readers wlio 
will send him spinal cords of typical, interesting, or rare casea. The 
preparation (suspended in Milller's fluid 3 parts, and methylated spirit 
I part, in the manner described below), should be diapatched assoon aa 
possible after removal. 

DirectloitB fbr the Removal and Preservation of the Spinal Cord. 

The body having been laid on its face, and a large block inserteil under the 
thorax, an incisian ia to be made, in the middle line behind, froin thi! occiput to 
the ftacnun. The skin and muacks are then to be reflected from each side oi^ the 
Tertebne. 

The laminie if the two or three dorsal vertebrie, corresponding to the point of 
greatest convexity of tiie spinal oolumn. are next sawn aerosa; with a little tua. 
nipulation (the spinous processes being grasped in the left hand), and bj the help 
of a scalpel, the vertebral arches, which have been sawn across, can now be re- 
moved, and the posterior surface of the dura mater exposed ; or the spines and 
laminee of one or more vertebiis may be cut across by means of bone pliers. 

The laminae of ttie remaining vertebrte, both above and below those which have 
been removed, are then to becn( acroiia with <i potcerful pair of bone pliers, and the 
entire length of the spinal canal exposed. The dura vuiler is lo be left undivided. 
The nerve roots are then divided by means of a probe-pointed bistoury passed 
from above downtaards on each side between the dura and the bony wall of the 
vertebral canal. The cauda equina is then to be cut across, the dura laid hold of 
by forceps, and the cord gently raised out of the spinal canal. The cellular tia- 
Bue, and any of the nerve roois which have not been completely divided, are then 
to be cut through, and the wJiole cord removed in its dura mater sheath. 

The dura is now slit up h_v nieans of probe-pointed scissors (the greatest care 
bring taken to avoid any injury to the cord), and the naked eye appearances 

The cord should then be divided, by moans of transverse incisions, mto three 
or four equal portions, and suspended by means of threads in a wide-necked bot- 
tle, containing MOIler's fluid 3 parts, methylated spirit 1 part. The preservative 
fluid should be changed on the second, and affain on the sixth, day. The prepa- 
ration should be kept in a cool place. 
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rhnge 
Blood-vessels of the cord, 16, SOS 
Bones, affections uf, in locomotor 
ataxia, 1S3 
aUpciioiis of, in polio-myelitis 



% 



Broadbeat, Elr., on alcoholic paraplegiii, 

354 
Browii-Se<jiiard, ProfesBor, on the treat- 
ment of infantile i"i- 
rolf sia, 157 
on reflex paraplegin, 

ass 

Bulbar Bymptoms, 160 

Budge oti the cilio-spinal region. 118 

Buroacli's column — sec Postero-extei'- 

nal column 
Buzaard, Dr., on amyoCrophic lateral 
scleroHia, Ibl 
on f;a3tric crises, ISl 
on hr^tericral paraplegia, SSti 
on infantile paratjaia, 150, 

154, 155 
OD locomotor ataxia, 187, ISO, 

103, 194. 196 
on motor points, 79 
on r.'fleic paraplegia, 9!6 
on iTopiiic joint lesions, 139 



Cabieb of vertehr^e. a. cuiise of comprea- 

aion of tbe conl, 07, 3^1 
CarrS. Dr.. on hereditary locomotor 

ataxiii, 09 
Case-taking, importanoe of. 63 

various methods of. (Wt 
own method of. 63 
Cathode. 90 
Cell:*, multipolar, 4 

acutfl destruction of, 41 
chronic destruction of. 44 
colloid HwellinK of, 300 
functions of. 41 
glaasf Hwelling of, 300 
■ KOf. 5 



grouping of, 
ui the wlute 
hypertrophy of, 3f 
structure of, 4 



!00 



la redex centres. 
as trophic centres for musuleB, 30 
connective tissue — »ee Deiters' 
Central (.-anal, 3 

canal, double, 61 
canal, malformations of. iJl 
cannl, obliteration of, 300 
Centres, motgr of cortex, 31 

Bensory of cortex, 37 
Cerebellar tract, direct, 9 
Cerebral paraplegia. 183 

symptoms in cord disease. IBO 
Cerebro- spinal sclerosis — see Dissemi- 
nated sclerosis 
Cervical hypertrophic pachymeningitis, 

Cliarcot, Professor, on 

acute bed-Bores, 139 
acute myelitis, SOO, 204 
amyotrophic lateral sclerosis, 

180 
cerebro-spinal sclerosis, 316, 



Charcot, on hypertro[»hic 
pichy meningitis, ' 
lo.-omotor ataxia, 183, 193. IM 1 
proKreesive muscular atrophr, 

163 
trophic cystitis. 131 
trophic joint leRions, 139 
Chapman's ice-bag, 157 
Chiene. Professor, his mode of treat 

cystitis. 144 
Childhood, diieaaes of the cord in 
Chronic meningitis— see Meningiu 

myeliti-1 — see Myelitis 
Circulatory By*iero, derangements 

in diseases of the cord, ISl 
Clarke, Dr. Lookhart, oa 
ataxia, 18S 
irngreBsive muscular nlro- 






Qpro( 

pny. 



163 



73 
Colloid swelling of ner' 
Columns of the cord, 8 
anterior. 9 
Burdach's, S 
Goll's, 7 
lateral, 8 

poatero-extemal. til 

postero-internal. 7 

postero-mediaii. 7 

Complaints of the patient 

of the cord, 00 
Goiiipreajion of the cord. 57 

of the membranes, SO 
of tlie nerve roots, 60 
Commissures of tlip cord, 4 
Coucusaion of the cord, 318 
Congenital malformations — ate Malfor- 



the spinal oo*4^^^ 
elements. 4^^^| 

in aff«ctic^^H 
tibraneci. 80 ^^^ 



Connection of nerve nuclei, 31 
Co-ordination of movement. 31 

derungementa of, IIB 
mode of ti^atine, II" 
Connective tissue, increase of, la 
ct^r^ro-spiiial st-lerosia, 317 
chronic myelitis. 318 
locomotor ataxin. 166 
Constant current, effect of, on 

healthy muscles and n«r<reB, 69 

diseased muscles and nerves, f ' 

mode oF applying in diagnosis. 

in treatment of paraiyais, iU 

to the spinal cord. 143 

to the bladder. 145 



affections of, 43 
ucule destruction of. 41 
chronic affections of, 44 
chronic destruction of, 45 
functions of. 40 
patliology of, 40 
Comu posterior. 5 
Corpora amvlacen — »ee Amylacea 
Corpuscles, connective tiBsue Mt t 



CorpuwleB. oo in pound Rranular. 
in (•ereliiiKSpimil sderosis, 31T 
in infantile pai'al}-His, ISI 
Crowed pymiiiidul trucl. U 
course of. I» 
leeiiiSB of, 43 

symptoinB CHUsed by lesions of, m 
CrystaU, margurine — sc'i; Margarine 
Current, crinatant — w Ciinstant 

farad ic— Met Faradic 
Cystitis, fotinn of. Mil 

prevciUion of. 146 
treatment of, 144 
CysW, result '•( myclitifl, 300 
coDgeniial, W 



Deep reflexes — aee Reflexes 
Deformities, prevention of, 140 
treatment of, 143 
Degeneration, tlie reaction of. 94 
Degenerations 

of crossed pyramidal tract. 37 
of direct pyramidal tract, aS 
of poatero-internal column, 40 
secondary ascend ing, 40 
secondary descending, 37 
Deiters' delts, 213 

proliferation of, in cerebro-spinal 

HclerosLS, 2\1 
proliferation of, in myelitia, 313 
DSjerine, M. le Dr., on locomotor 
ataxia, 185 
on paralysis ascendens 
acuta, 21 L 
Diagnosis, general plan of, 1^2 

steps in, 138 
Digestive system, derangements of, in 

diseases of the spinal i-iird, 130 
Direct cerebellar tract, 
pyramidal tract, 10 
pyramidal tract, course of, 18 
Disseminated multiple sclerosis, 316 
(etiology, 316 
diagnosis, 321 
onset, 318 
pathology of. 816 
prognosis, 328 
symptoms, 218 
treatment, 338 
Donliiu, Dr.. on the tetiologj- of primary 

lateral sclerosis, 173 
Dresclifeld, Professor, on primary la- 
teral Bcleruuis, ITS 
Drummond, Dr, D,. on hysterical para- 
plegia, 349 
on paeiido-hypertrophio 
paralysis, 2T8 
Ducbenne, M. le Dr., on locomotor 
ataxia, 71, 189 
on auliacute inflammation 
of the anterior horn, ISO 



Dura mater, spinal, its relationship to 

the nerve root», 15 , 

Dynamometer, 79 J 



Ejaculation of Semen, 110 \ 

Electricity, t)ffect of, on healthy mus- 
cles and nerves, 8S 
effect of, on diseased mus- 
cles and nerves, 91 
haw applied to spinal cord. 



149 
in the diagi 

lysis, 80 
in parolyais of the bladder. 



i of para- I 



of para- 
lysis, 142 ' 
practical >lirectiaus for ap- 
nlying. 76 
Electrical couiiition of muscles, 76 
reactions, normal, 80 
reactions, diseased, 91 
ElectrodeB, 78 

mode of applying;, TS 
Embolism a cause of softening, 301 
Epigastric reflex, 10 < 
Erb, Professor, on acute myelitis. 201 
on cerebro-spinal sclerosis, 216 
on chronic myoUtia, 315 
on concussion of the spinal curd, 

2,^9 
on elecCrittal trentmont. 143 



I hereditary locomotor ataxia. 



luUary tumors. 343 
on primary lateral sclerosis, 175, 

176, 177 
on the reaction of degeneration. 

91, 94, 98 
on sub-acut« inflammation of the 

on syphilis as acause of locomotor 
ataxia, 68 
Erection, 116 
Erichsen, Professor, on concussion of 

the spine. 26t. et seq, 
Eulenburg. Professor, on locomotor 

ataxia, 182 
Eye-symptoms in liicomotor ataxia, 191 
Exercise in cases of spastic paraplegia, 

143 
Extra-medullary lesions, 338 
diagnosis of, 18S 
pathology of, 66 
symptoms produced by, 66 

Face, expression of, in cord disease, 70 

motor points of, 79 
Family history, B9 



1 the 



eftecta of, on dia'^ased muscles and 

nerves, 94 
in the reaction o( defreneration, IM 
metliod of applying, S6 
Febrile diseases confoundeil with in- 
fantile paraljeis. 15<^ 



on the course of the sensory 

tracia, 25 
on the motor functiona of the 

nerve roots, 7i 
on the position of tlie tactile 
centre, 27 
Fibrillary twitchings. 100 
Fibroma — see Tiiniora 
Fibrn-sarcomn — Me Tumora 
Fiasures of cord. 3 
congenital, 01 

paihologicul, in paeudo-hypertro- 
pbio parnlysiH, 277 
Flacciclity of the muscles in paralyaia, 

00 
Fleclisigi Professor, on the develop- 
ment of thecorii, 8, II 
on the motor trauta, 33 
Flower, Profewor. on the cutaneous 

nerves, Vi^, et wtj. 
Forearm, motor points of, 82 
Front-lap contraction. 105 , 
Friodreich, Professor, on congenital 
locomotor ataxia, 182 
on progressive muscular 
atrophy, IBS 
From mann, Professor, on cerebro-xpinuJ 

si^leroais, S17 
Fuuctiona of cord, motor, 19 
ot cord, reflei, SH 
of cord, aeneorj, 34 
of oord, trophic, W 
of cord, vaso-raotor, 80 
Functional irritation — see Spinal irrita- 



reflPX. 



' musctt- 



s weakness, 2S9 
l»niplegia, 135. 249 
paraplegia, diagnosis 



n of spina 
of bladder, 145 
Galvanic current — see Constant cur- 
Gait — »ee Physiognomy 
Gangrene — see Bed-aorea 
Gerlach's nerve net-work. 5. 23, 24 
Glassy BWelltng of nerve cells, 200 
Glioma — see Tumor* 
Glio-sarcoma — see Tumors 
Gluteal reflex. 103 

Goll's column^-.i.-e Poslero-Jntemal 
column 



Gollz, Professor, i 

107 
Oombault, Dr., on progress! 

lar atrnjihy, 163 
CJowrere, Dr., on the course of the aen- 
sory tracts, 25 
on the front-lap contraction, 

105 
on infantile paralysis. 151. 157 
un the nomenclatuTe of the 

columns, 7 
on pseudo-bypertropbic pa- 

ralyaia, 275, 880, 285 
on the reflexes, lOS, 107 
on teating tbe amount of pa- 
ralysis, 75 
Gray d^en era tion of posterior col;; mn^: 
— see Locomotor atajtia 
matter of cord, 4 

matter of cord, malfonnatioti aT, 
01 — 

Quraino — see Tumora 

H.£M0RRHAOIS into the oord (U 
medullary). 839 
aatioloity of. 299 
diagnosis of, 239 
ousel of, 289 
pathology of, 239 
prognosis in, 241 
aymplouis in, 2119 
treatment of, 241 
Uemorrboge into the metubraDeku 
tra-medullary), 242 
stiology, 242 






1,243 



pathology, 243 
prognosis, 242 
symptoms, 243 
treatment, 248 
Hamilton, Professor D. J., caai* of in- 
fantile paralysis, 153 
on locomotor ataxia. tS6 
Hammond, Dr., on infantile paralysis, 

isa 

Hayem. Dr., on intra-medullary tu- 

Eeari, allections of, in cord diseases, ISl 
Hemi-anifslheaia, 38 

from unilateral lesicm of cord, 54 
Hemiplegia, spinal. 13U 

fi*oin unilHteral le!,ian, G4, 73 
Hereditary cord afiFec^tions, 69 
History ot the case. Q7 
of family, 60 
of present illness, 67 
of previous health, 03 
Horn — see Cornu 
Hutcbiuson, Ur. J., on ophtbalm 



giae: 



Hy persBstheaia, 



a1. 12fl 



73 

9«r ^^ 



from meningitis, 
from total transvent 

lesion, 50 
from unilateral l^ot). 



HjrpenesthpBiiL in spinal irritation. 330 

Hypertrophy of axis cylinders. 200 

of muscleB (pspucio), 2TS 
of nerve celU. 200 

Hyperpyrexia from lesions of .cord, 
52 

□yaterical paraplegia, 248 



lacoordi nation from lesions of poster<)- 
external column, 48 
in cerebellar disease: 



I cerebro-apinal acle- 
to.ig, aiB 
1 liicoinotor ataxia. 



Indiscrtmlnate lesions, 198 

clmrautpm of. 40 

diOereDtial diftunosis of, 137 
lafHntili! paralysis — srv Polio-myelitis 

Inflamniuiion of the anterior comua 
at-iite. l.-iO 
subacute, 150 
chronic, 103 
InSammatioii of the spinal cTord — see 
Myelitis 
of tliH spinal membranes 
— f-e Meningitis 
Inflaiamatory afCectiooa, treatment of, 
141 
softening. 201 
Inliihitionof reflexes. 20 
Inhibitory flbrea, course of. 20 
Injury aa a cause of cord disease, 67 
Integumentary syatera, derangements 

of, in disenars of curd, 132 
Internal capsule, 32 
Inter-flcapular reflex, 103 
Intnv-meilullary lesirins, diagnoais of, 
136 
hiemorrhage — nee 

IliBmorrfiaee 
tnmora— sep Tumors 
Iris— see Pupil 
irritability of muscles, Tfl 

of muscles, eleciripul. 76 
of mti-icles, rnechanicaj, SO 
Irritation, apinal.23tt 

Jackson. Dr. Huqhlikos, on the course 

of the motor trai:(. 24 
Jnoby. Dr., on locomotor ataxia, 188 
Joints, affections of, in locomotor 

ataxia, 192 



KONDHAT, PRorEssoR, on Porence- 

phalie, 173 
Rusmin, Dr.. on the nensury tracts, 2IS 
Kidneys affections of, in diseases of 

the spinal cord, 13t , 

■^ r-_... .y^ I 

Reflex (patellar tendon) | 



LiNCBKEArx. Dr., on extra- tnedulbry 

tumow, 341 
landois, Profeasor, on the course of 

the senaoiy tract. Sil 
Landry, Dr., on p.iralysis ascendena 

acuta. 210 
Landrv^ pamlyeia, 310 
retioloey, 210 
diagnoaJB, Sit 
onset, 310 
patholoKy, 210 
prognosis, 213 
symptoms, 210 
treatment. 213 
Literal boundary layer of gray sub- 
column. 8 

sclerosis, primary, 178 
«cleroaiit. st^ondary, 178 




paralysis, 66 
Leech, Dr., on hypertrophic cervical 

paciiymeningitia, 335 
Leg, motor points of, 87 
Lesiona, extra-medullary. 56. 233 
indisci'iminale. 3t, IBS 
intra medullary, S4 
of anterior oirnu, 40. ISO 
of lateral column. 46, 173 
of pnat^ro-external column, 47, 

193 

partial . K6 

nystem, 34 

unilateral, 54 

Leyden, Professor, on Syringomvelia,J 

61 ■ 

Lif^amentum denticulatum, IQ 

Lightning pains, 187 

Locomotiir nliixi:i, 183 

cetiology. 183 

diug'iiisM, 193 

onset, 1S6 

pathology, 183 

prognofis, 197 

ayinptoma, 186 

treatment. 197 

LndwiK. Profea-tor. on the sensorri 

tract-. 25 V 

sularl 



MAI,AEttAI. paraplegia, 353 
Mulformutlons of theopinal cord, 110 
Marcaud, Dr.. on the functions of the 

nerve roots, 74 
Alargarine crvstala in cerebro-spinal 

Bcrerosis. 217 
Membranes, effect of pressure on, 00 
luemrirrhage into — i 

Hceniorrhage 
iutiainmation of — see Jfen-! 
ingitia 



I 



Membranes, spinAl, their reUtionslii-i 


Myelitis, acute, satiologjr. 19S ^^M 


to the cord, 1 1 


diaKDosis. 2(iH ^^M 


tumoraof— KM Tumors 






in Laodry'B iiaralyais, 210 


symptoms, 903 ^^^H 


in progressive niuacular atrophy, 


'treatment. 200 ^^1 


169 


Myelitis, chronie, 213 ^^H 




eeiioloKy. 312 ^^^1 


rl.age 


diaicnosie. 314 ^^H 


tumirs— »ce Tomors 


onset, 218 ^^M 


Mental condition in diseases of the 


pathology, 213 ^^H 


Bpinal cord, 130 


prognosis. 2ia ^^^H 


Menin;rilia. acute. S2f 


symptomH, 213 ^^^1 


setiology. E34 


treatment. 21& ^^H 




Myxoma— se'? Tumors ^^H 


diagaoBis, £37 


Myxo-sarci.m-aw Tumors ^^M 




pro^odH, 237 


NaiI£, lesions of, in locomotor ataxit, ' 


treatment. 228 


104 


MenintdtiB, chronic, 338 


Neck, motor |WintB of, 79 




Nerve cells-see Cells 


diagnosis. 239 


nitdei. connection of. 31 


roots— see Roots 


piogn^rsM 




symptoms, 229 


lOS 


treatment, 330 




Meynert, Professor, on the sensory 


Neuroglia, increase of, ^H 


tracts. 25 


iu cerebro-spinal sclerosis, 21T ^^^1 


Miliary scierosiR. 201 


in locomotor aiaxis, 185 ^^^1 


Mitchell, Dr. Weir, his treatment of 


in myelitis. 213 ^^M 


hysterical paraplefiia. 351 


Nuclei, connection of, 31 . 


Monoplegia, Hpinal, 73. 133 




crrebral. IW 


.if the cord, 130 


prjpberal, 134 


of muscles. 76 


in polio-myelitis anterior 






Occupation as a cause of cord disease. 


Hoore. Dr. M , pseud o-by pert rophic 


66 


1 paralrsis, 270 


Onset of attack, mode of, e7 


Horjcan, FrofeHsor, his case of primary 


Oph thai mo 1.1 -J.-!, I eiterna in locomotor 


lateral sclerosis, 173 


ataxia. ISO. 103 


Uosno, Professor, oii the urinarv reilex, 

107 
Moiion, conduction of —see Motor tracts 


Otl. Dr. Isaac, on the sensory tructB,35 


pACHTMENTsams eervicalis hvpettro- 




phica. 333 ■ 


Motor nerve cells, i—nee also Cells 


externa, 231 


derangements in diseases of the 


hiemorrhaidca, 233 
interna. esS 


spinal cord, 73 


functicins of cord. 10 


P.ige, Mr. H., on concnssioii of the 


functions of cells of aiitednr 


spinal cord, 359, et stq. 


coruu, 41 




functionsot individual segments. 


pair in the back, 127 


74 


in the bsck in diseases of the 


tmc-t, course of, 10 


cord, 137 ' 


Moxon, Dr., un the drculaMon iu the 


in the back in disease of fl^^l 


cord, 203 


membranes, 137 ^^H 






reflex— sec lieflei 


tero-externat columns, 48 ^^^| 


Multipolar nerve coUs. 4 


Paradoxical contraction. 106 ■^^ 


Muscles, electrical ooudition of. 7G 


Paralysie gfenSrale spinale eubaii^e. 18» 


in-itability of. 76 


Paralysis, amount of. how estinwted. 


mechanical irrimbilltv of. 00 


7.'S 


trophic condition of, 70 




tonicity of, DO 


of. 78 


Muscular sense, derangements of, how 


condition of reaexes in, 101 


teated. 118 


oonditiin of co-ordination 


Myehii!*. acute, 103 


in, 118 



1 PariilvBia, oondition of, the muscular 




L B«nht^in, lis 


phy, 103 


^^^— distribuliua of, 74 


Plantar reflex. 102 


^^^^L from lesioos of anterior cor- 


Points, motor, 70 


^^^M 


Polio-myehtia anterior acuta, 150 


^^^^1 frgm lt:.-.ii)UB of lateral ool- 


tBtiology, IfiO 


^^F 


diagnosis, 155 


■ from l-'lal transverse le- 


onset, 153 


r Bions, 5U 


pathology, 151 


1 from iiiiibCeral lesions, 54 


prognoHis, 150 


1 tre^tiiierii of. 144 


syjnptomB, 153 


1 Pjralyaia iiauendunB auuta, 310 


treatment. 157 


1 infantile, 130 


Polio-myehtia anterior sub-acuta. 1S9 


1 apastiP. 173 


anterior chronica. 103 


1 Bulnal. 7» 


Polar method of applying eJectrodes, Tfl' 


■ Paraplegia, aluuliulic, 2U 


reactions, 90 


^^B anffiinic.334 


reactions in disease, 95 


^^^L cerebral, 1S2 


reactions in health. 01 


^^^^M cetvii:al. 73 


reactions in the reaction of do- 


^^^^H fromincreasMtttmoipheiic 


generation. OS 


^^^^H pressure, 43 


Poles of battery. 90 






^^^^1 fruni total IrimaverEW le- 


Posterior coiuinn, 7 


^^H 60 


median Assure. 3 


^^^^H funcliunal, 2ilt 


nerve roots— *ee Roots 


^^^^1 hysterical, 3^8 


root-fibres. 25 


Postero-external column, 9 


^^^1 malaVriU. 3o3 


functions of. 47 


^^H retlex. 


lesions of, 47 


^^^■^ Hpinal. cauties of, 73 


sclerosis of. 48 


spinal, characters of, 73 


symptoms produoed by lesions of, 


spinal, why limited to low- 


47 


er extreinittex, 301 


PoBlero-internal column, 7 


FAiesis—see Paralysis 


iropliic i!i;titre of. SO 


Partial iDdisciiminate lesions, 50 


secondary degeneratiiin of, 40 


Patellar lendoo r^flei, 103 


Poetero- median (;olunin, 7 


in cerebro-spinal acleroais, 230 


Present condition of the patient, 70 


ill locomotor ataxia, 16U 


Priapism, 117 


iaUteralBclerosis, 173 




Pathology of the Hpinal s.'gment, 34 


treatment of, J4."i 


Peilacani. ProfesBor, on the urinary re- 


Principal mass of the anterior cotutnu, 


aex. 107 


10 


Pliysiology of the Kpinal segment, 


Prognosis, general plan of, 138 


17 


groundB for, 140 


Plij-Mognomy, 70 


Pseudo-hy per trophic paralysis, 875 


in acute 'liaeases of the 




onl. 70 


treatment of, 146 


in cerebro-spiual scle- 


Pupil, alterations of, 118 


^^ rosis. Ti 


contraction of, 191 


^^^^k in hysterical paraplegia, 


condition of, in cerebro-spinal 


^^^1 


sclerosis, 330 


^^^^H in locomotor ataxia. 71 




^^^^H in parapleKia with flao- 


190 ^ 


^^^H cidity, 


Pyramidal tracts, in .H 


^^^^V ia polio-myelitis ante- 


destruction of (acute), 46 ^^M 


^^^^H riur acnta, 70 


destruction of (chronic), 46 ^H 


^^^^r ■■> progressive muscular 


crossed. 8 ^H 


^^ atrophy, 73 


direct. 9 ^M 


in pseuijo-hypertrophio 

par«lyBi3. »90 


division of. 33 ^H 


function of. 45 ^H 


in spastic |)araplegia, 71 


lesions of, 45 ^M 


Pia mater, its structure, 13 


trophic centre for, 30 ^H 


Pierret, Professor, on loeomotor ataxia. 




193 




on primary ncierosis of Goll's 




columns. ST, 


^^... J 







' Railway c 



.' metUod of e. 



Reaction i>' degeneration. I>4 
ciiiiical significance ut. 9B 
from pressure on anterior ncrre 

roots, flO 
in acute lesions of anterior coruu, 
99 
Reactions, poiar. DO 
Rectal reflex, HO 
Rectum, paiu iu, in lucomotor ataxiu, 

187 
ReAex arc, composition of, 30 

arc, leaions of, 33 
Reflex centre, 29 

centre, acute destruction of, 41 
centre, clironic dtatructiou of, 
44 
Reflexes, condition of. 101 

in ainvotropliic lateral slero- 

Hia. 181 
in cerebro-Hpinal acleroais, 219 
in lateral wslenwis, 175 
in locoiiiotiir aiuxia, ISO 
iD mjeliiia, 3UII 
in pi>lio-inyelilid anterior 

acuta, 150 
in progressive muscular atrn- 

pby, IBS 
in total transverde ICHious, liU 
in uoiluteral ksiuux. Cl^ 
Reflex ftiiictiona of spinal cord. '.*9 

of i I idividUHl segments, 117 
Reflexes, indivjilual. abdominal, 103 
ankle ulonii.t, 1U3 
cremaaieric, lOa 
deep. 103 
cpigu»tric, 103 
I^Uteal, 1U3 
mterscapular, 103 
organic, 100 
patellar tendon, 103 
plantar, lO'i 
pupil, lis 
rectal, lltt 
sexual, lis 
veaicul, 100 

iliiUon of, 39 

ts. abolition of, 101 
. cuuUitioa of. lUl 
movements, exsggeriitiou of. 

102 
movements, persistence of, 101 
paraplegia, SOU 
spBsnu m meningitis, 226 
spasms from irrilaliun of poste- 

Semak, Professor, on tlif reaction of 
degeneration. 98 
on ttie upfer arm tr|>e of iti- 
fniitile paralysis. 154 
BeeplratorT' mudcli-s. parulyats of. in 
ascending myelitis, 211 
system, derangements of. 
in di8i-a'4es of spinal 
cord, 131 



Retention of urine, 114 

of uriiii', di^nouB of, 1'. 
Reynolds, Ur. Russell, on ideal | 

plegia, 251 
Rigidity of muscles. 00 
Robertson, Dr. Argyll, on the 
of tlie pupil in locomotor t 
Root, anterior, 21 

anterior, functions of, 1, 24 
anterior, lesions of, 00 
poaterior, Ifn 

posterior, fimctions of, 1, 
posterior, It-sions of, 50 
Root-zone culuiuna, t) 
Rosen tlial. Professor, on locom 

ataxia, 197 
Robs, Dr.. on the blood supply ot 

on 'the grouping of nerve cells, 5 
hypertropliic cervical p^chy- 



piiralysin aacendaiis acuta, SIO 
UR porencpphnlie. 1T3 
Rudiscb, Ui', J., on locomotor ataxia. 



1 



SchulB, Dr., 

t. 210 






Sclerose en plaques dissSmineea, SlK 
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miliary, 200 
primary lalemi, 173 
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anatomy of, 3 

of. a 



men Is, 31 
motor functions ef IB, 73 
pathology of, 34 
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functions of the spinal cord. 20 
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tract, cuurae of. 25 
Sham paralysia, diugnosis of, 135 
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60 
in meningitis, 234 
treatment of, 144 
Speacb, derangements of, in cerebru- 

spiual sclerosis, 230 
Spina bitldB, 60 
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I column, examination of, 130 

^^^^ column, pain in. 137 

^^^^L column, relationship to cord, 11 
^^^^1 oord, anatomy of. 3 
^^^^H cord, clinical examii 
^^^^H cord, galvanizalion of, 142 
^^^^^H cord. Individual diseases of, 150 
^^^^H cord, pathology of, 34 
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Bclerofiis, 218 
Troisier, Dr., on progressive muscular 

atrophy, 108 
Trophic alterations in skin, 128 

{iterations in bones and joints, 

128, 192 
centre for muscles. 41 
centre for pyramidal tracts, 80 
centre for postero-internal col- 
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intra-medullary, 248 
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Unilateral lesions, 58 
Urinary reflex, 106 

system, derangements of, 181 
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Vascular supply of cord, 16, 202 
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